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Introduction 


This book deals with man's intellectual powers, their nature, 
form and structure. This is an area of psychology that has re- 
ceived much attention from the research workers, and the gains 
have been considerable. The great number of investigations made 
in the inter-war years into the range of individual differences 
among children, for example, extended significantly the bound- 
aries of our factual knowledge, permitted new insights and 
fostered a developing theory of human abilities. We began to 
know (or to feel that we knew) much more about the cognitive 
aspects of the mind than about the affective or conative. This 
tripartite division, so useful as a means of structuring the 
complexities of the relatively new subject of psychology, came 
to bea handicap as well as a help, since it encouraged the erection 
of walls and the creation of water-tight compartments. It is clear, 
now, that it is not only unrealistic but misleading to think of 
man's intellectual gifts and capabilities purely in cognitive 
terms. The effect of motivation, for example, can make nonsense 
of predictions of the potentiality of children based solely on 
measures of cognitive ability. Some of the readings collected 
here exemplify this danger; others suggest the interconnexions 
between emotion, will and intellectual function. For the student, 
however, it is important to emphasize the need to relate the 
contents of this volume to those others dealing with personality 
and emotional development. 

One of the advantages claimed for the study of history is that 
it enables us to understand more clearly the complexities lying 
behind the problems of our modern age, and that a realization 
of some of the sources of these may enable us to avoid at least 
some of the mistakes we might otherwise make. That is one of the 
justifications for adopting a strongly historical approach to the 
selection of readings in this volume. Although a great deal of re- 
search has been done in the cognitive field, we are far from 


achieving a clearly defined and generally accepted theoretical | 


structure for it. Controversies still abound — and some are major 


controversies which must be resolved before significant progress 


can be made. A knowledge of the paths leading up to the positions 
occupied by the major contestants is a necessary preliminary 


for the student wishing to make an intelligent appraisal of- 


differing schools of thought. 
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INTRODUCTION 


Perhaps there is another — though doubtless less. powerful — 
reason for an historical approach. I must confess to a certain 
degree of chauvinism here. We must undoubtedly acknowledge 
our great indebtedness to America for the massive scale of her 
research effort in psychology, and not least in the cognitive field. 
The development of psychology must have been very much 
slower and more hesitant without this powerful attack. But 
we must also recognize that the foundations on which it was 
built were — to a very considerable extent — British. A book of 
readings such as this which did not start with Sir Francis Galton, 
and which did not include contributions from such pioneers 
and innovators as Spearman, Burt, Thomson and Vernon would 
indeed be a lop-sided and misleading production. Since, in the 
nature of things, our university and college libraries carry ever- 
increasing proportions of American textbooks in psychology 
and educational psychology, it is all the more important to 
emphasize this country's fundamental contributors. I believe 
that this is not mere chauvinism, but a necessary process in under- 
standing some of the basic conflicts already mentioned. There 
are both American and British schools of thought in the cognitive 
field, and particularly so in theories of the structure of abilities. 
Eventually they will come together: but this will happen later 
rather than sooner if the peculiarly British contributions receive 
less than their deserved share of attention. If I were to hazard a 
prediction (and *hazard' is the right word here) I would guess 
that the final solution — if there is to be one — will lie nearer the 
British than the American line of thought. 

Since I have mentioned chauvinism in connexion with Ameri- 
can contributions, perhaps this is an appropriate place to enter 
an apology for the omission of any contribution from a very 
famous Frenchman, Alfred Binet. No doubt my over-all choice 
of papers will be criticized from many points of view — inevitably 
so, I feel, since such a selection must be a highly personal one 
in the end, and is unlikely to please anyone completely — but 
perhaps this omission will attract more criticism than any other. 
I can, and must, of course, plead lack of space, but this is not a 
wholly satisfying answer. Binet's contribution was considerable, 


! but it was a contribution to measurement rather than to theory. 


'To him we owe the concept of mental age, which at a stroke cut 
through the major difficulties of measurement, and permitted a 
comparison of child with child, and of normal with abnormal. 


f The fact that Binet's original test, even if many times revised, is 
Still in use in nearly every country in the world, is sufficient — 
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testimony to the value of his work. Without it the development 
of theory would have been a great deal slower, but he himself was 
relatively unconcerned with theory: he saw himself as a prac- 
titioner endeavouring to solve immediate problems: 


...]et us recall to mind precisely the limits of the problem for which 
we are seeking a solution. Our aim is, when a child is put before us, to 
take the measurement of his intellectual powers, in order to establish 
whether he is normal or if he is retarded. For this purpose we have to 
study his present condition, and this condition alone. We have to con- 
cern ourselves neither with his past nor his future; as a result we shall 
neglect entirely his etiology, and notably we shall make no distinction 
between acquired idiocy and congenital idiocy; and this is all the more 
reason why we should set aside absolutely all the considerations of 
pathological anatomy which might explain his intellectual deficiency. 
So much for the past. As for the future, we shall observe the same 
restraint; we shall not seek in any way to establish or to prepare a 
prognosis and we leave the question of whether his backwardness is 
curable or not, capable of improvement or not, entirely unanswered. 
.- We shall confine ourselves to gathering together the truth on his present 


condition.' 


This quotation from Binet reminds us that the study of man's 
abilities has important and immediate relevance to practical 
problems of the modern world as well as being of concern to the 
theoretician. This was well exemplified in the First World War, 
when the Americans, with their characteristic genius for applied 
science, produced the ‘Army Alpha’ intelligence test for use in 
selection for, and within, the armed forces. This was the world's 
first large-scale ‘group test’ (in contrast to the individual test 
of Binet), and it was a triumphant success. Crude though it was 
by modern standards, the test was found to predict ‘trainability’ 
to a remarkable extent, and it gave American psychologists a 
clearly recognized place among the applied scientists, as well as 
providing the theoreticians with a mass of data that were to 
occupy them for many years. By the time the Second World War 
was upon us, the value of tests of ability and aptitude was clearly 


recognized, and psychologists were recruited as personnel selec- 


tion officers in both Britain and America. Probably a state of war 
presents the most favourable conditions for the use of psycho- 


logical tests. Speed is essential in the allocation of men to jobs, 


and in selecting recruits for training in specialist duties, many of 


1. Binet, A., and Simon, Th., L'Année psychologique, vol. 2 (1905), p. 191.1 
‘am indebted to my colleague, Mr Asher Cashdan, for drawing my attention 
to this passage, and to Miss Anne Wallace for the translation. 
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which are highly technical. Any rapid method of selection uw 
will yield predictions of success better than chance is Wm 
as worth while, even though it may be known that mon a 
tional methods — which take much more time — can achie' 
igher degree of accuracy.* . 
Eu aside the war-time applications of mental ree 
ment, there is no doubt that the field which has e e m es 
application is that of educational psychology. bee E: he 
not only because the study of children permits us to 1 e 
the development of abilities, but also because eriaren so 
provide the psychologist with convenient, captive su jent Š he 
was recognized even by Galton.? The years between the Ko 
saw an immense amount of work devoted to the investiga ap 
of individual differences among children, and this, together wi 
the development of new and powerful statistical technique 
particularly factor analysis, permitted the slow emergence o 5 
coherent theory of the structure of human abilities. This is no 
to say that a complete and final pattern has now emerged. There 
are still major controversies and disagreements, and there. are 
still significant differences between the views of most British 
and most American psychologists (see Part Four). But these 
differences are coming to be seen as mainly differences in tech- 
niques of analysis: the end products show considerable similari- 


ties, and the two major schools have certainly drawn closer 
together in the last decade. 


Binet's work began from the problems created in the Parisian 
School system by the existence of dull and backward pupils. 


' These problems are major ones for the teacher, so it is not sur- 


prising that much of the work of mental measurement among 
schoolchildren has been focused on the diagnosis of backward- 
ness. The success of the concept of ‘mental age’ in the measure- 
ment of intelligence led to the production of standardized tests of 
educational attainments. The teacher was now provided with 
accurate measuring instruments which would yield, for each of 


t 1. It is go m of course, that research in personnel selection has often 
shown some traditional methods of selection — possessing hi: ige — 
to be relatively worthless. E ELO praga 
2. ‘ The subject of character deserves more statistical investigation than it 
has yet received, and none have a better chance of doing it well than school- 
masters; their opportunities are indeed most enviable. It would be neces- 
sary to approach the subject wholly without prejudice, as a pure matter of 
observation, just as if the children were the fauna and flora of hitherto 


Everyman Edition, 1907, p. 42. 


undescribed species in an entirely new land.’ Inquiries into human faculty, 
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his pupils, a reading age, a spelling age, an arithmetic age and 
so on. Burt was the outstanding British pioneer in this, and 
many hundreds of teachers have used his Handbook of tests, 
reprinted from his major classic Mental and scholastic tests 
(1921; 4th edn, 1962). The teacher could now estimate, with a 
considerable degree of accuracy, the degree of backwardness of 
each of his pupils, and also its extent. He was able to draw a 
profile of educational attainments, and base his remedial work 
on this. For the first time the school was provided with the tools 
with which comprehensive educational guidance could be under- 


taken. It is, perhaps, understandable that the emphasis in all this _ 


work was on backwardness, which to the teacher is an inescapable 
problem. The psychologists’ investigation of individual differences 
revealed the great range of ability to be found in any representa- 
tive group of children. The distribution curve was roughly 
symmetrical, ranging from the very dull to the very bright. In a 
random sample of ten-year-olds one might expect mental ages 
to range from 5 to 15. Few individual teachers, perhaps, are faced 
with quite such a wide range of ability, but differences in mental 
age of five or six years between brightest and dullest are by no 
means uncommon in primary school classes. The teacher is 
clearly aware of the difficulties of dealing with the dullest — but 
the challenge of the brightest is equally demanding, and far less 
often recognized. The fact that the very able pupil can cope with 
ease with the normal demands made upon him by the school 
often blinds us to the fact that we are grossly negligent in 
omitting to provide him with the material he needs for the full 
development of his considerable potential. This lack of balance is 
- slowly — being redressed, and a few more educationists and 
educational psychologists on both sides of the Atlantic are now 
beginning to concern themselves with the bright child and the 
brilliant child. Terman and his co-workers? had less impact upon 
American policy than did the psychological shock of the first 
Russian sputnik. 

The assimilation of mental tests into the professional armoury 
of the teacher brought its hazards as well as its opportunities. 
This is inevitable, perhaps, when new techniques and new in- 
struments are placed at the disposal of the practitioner, and it is 
not surprising that some of the limitations of the tests were 


1. Terman's follow-up of 1,000 gifted children is a unique study. It is 
reported in Genetic studies of genius, Stanford University Press. The first 
volume appeared in 1925 and has been followed by four other volumes. 

` The last, The gifted group in mid-life, was published in 1959. 
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ignored by their more enthusiastic devotees, or that the inter- 
pretations of test results were often too facile and oversimplified. 
The psychologists themselves were not wholly free from blame: 
they were often guilty of oversimplification when they addressed 
themselves to teachers. The major problem arose over the 
3 question of the educational and psychological significance 
— of mental age, or of LQ., and the confusion between the 
theoretical concept and the actual, measured result. Much of 
the experimental work in the first three decades of the century 
went to show that the Intelligence Quotient (the ratio of mental 
age to chronological age) tended to remain constant — at least 
up to the age of 15 or 16. Such a finding is, of course, consonant 
with the theory that intelligence, as measured by the tests, is a 
constant power, unaffected by environmental forces such as 
education. Spearman's theory of the ‘general factor’, g, gave 
support to such a view: ‘Every mind tends to keep its total 
simultaneous cognitive output constant in quantity, however 
varying in quality ... Every manifestation (of this quantitative 
principle) is superposed upon, as its ultimate basis, certain 
primordial but variable individual potencies.'* The emergence of 
. 4 from the hierarchy of inter-correlations of tests of educational 
abilities and aptitudes seemed to correspond to the concept of 
‘intelligence’ handed down from Plato, Aristotle and Cicero: 
that basic, innate power of the mind, any deficiency in which 
no efforts of school or church can overcome. And so the way 
seemed clear for the teacher in his interpretation of the test 
results of his pupils. If he were faced with a boy having a mental 
age of 8, and if the boy's educational age matched this, then 
all was well. The fact that the boy's chronological age happened 
to be, say, 10, was relatively unimportant. He was retarded by 
two years, but this was because he was dull, and the fact that 
mental age and educational age coincided ‘proved’ that he was 
not backward. This was, of course, a most comforting doctrine 
for the teacher, absolving him from any effort to provide 
remedial measures. The fact that the teacher was equating the 
theoretical concept of intelligence as purely innate with the 
measurement obtained from an inevitably fallible test was very 
frequently forgotten: and psychologists themselves were not 
noticeably vehement in their protestations. 
For, of course, the psychologists themselves were far from 
agreed as to how near the platonic concept was the measured 
1. Spearman, 
1923, pp. 346-7. 
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_I.Q. This is not surprising. The heredity-environment debate has 
a very long history. As I have said elsewhere 


itis for education and educationists a fundamental problem, but it is 
- equally fundamental for the philosopher and the politician. Even to 
| pose the question has been dangerous in certain periods of our history; 
to give a particular answer has been to invite imprisonment, torture 
and death. This is because of the entanglement of the problem with 
the question of authority — divine or secular. Speculation about it has 
been regarded as heretical and treasonable, directed against the power 
of the church or the state, whenever this power has been in the hands of 
an hereditary elite. The witch-doctor, the prince-bishop, the baron, 
the emperor have all proclaimed the power of inborn factors; the re- 
former, the republican, the radical, the revolutionary have emphasized 
the equality of man and the potentiality of education, training and a 
— favourable environment. It is, therefore, a social and political question 
— first, and an educational question second.* 


Research between the wars failed to obtain a clear-cut answer 
to the question. For many children, the I.Q. was demonstrably 
constant, within the limits of the error of measurement. But 
with dramatic environmental differences the influence of quality 
. of education and of background on measured I.Q. was clearly 
. evident. Gordon's research in 1923 on canal boat children gave a ~ 
. typical result, showing that for such children, leading a nomadic 
life with little or no schooling, I.Q. fell with age. The average I.Q. 
of the youngest child in canal boat families was 90; of the oldest, 
60, Tests which we standardized on children of normal home 
backgrounds and of normal school experience are clearly in- 
K: appropriate — in the standards they set — for children such as 
_ those! tested by Gordon. We are now much more aware of 
the limitations of our measuring instruments, and accept the 
~ impossibility of devising intelligence tests which are com- 

pletely culture-free. The new generation of teachers are — or - 
ought to be — warned against the dangerous assumption that a _ 
mental age derived from an intelligence test can be regarded as a 
- ‘ceiling’ above which the pupil cannot hope to rise. 

. But this is not to say that all controversy is silent in the. 
nature-nurture battle. Human nature being what it is, this is 
pilikely to happen fora very long time. Burt, in his 1955 papori 


i D. an Om excessive emphasis on environment’ (p. 167 7.), a 
tendency which is part of the present accent on sociology and 


n 1. Wiseman, S., Education and environment, 1964, p. 30. 
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sociological explanation. For the student this is a difficult field, 
since he approaches the evidence with a “mental set produced by 
his own philosophy and political convictions, which in turn 
have been affected by his upbringing and the attitudinal forces 
of home, school and neighbourhood. And he must not be so 
naive as to suppose that his ‘elders and betters’ — and the 
writers of the books and papers containing the evidence — are 
immune from such forces. He needs to be aware of Pastore's! 
work, which concerned biologists and geneticists, their views 
on the environment-heredity problem, and the relationship 
between these views and their political beliefs. His conclusion was 
that such beliefs were significant determinants of the position 
they adopted in the controversy, and influenced the formulation 
of their hypotheses, their methodology, their conclusions and. - 
their views on the implications of these conclusions for the 
organization of society. 
Amid these readings on intelligence and ability the reader will 
find very few references to aptitudes. This reflects the real situa- 
tion. In the twenties and thirties, some psychologists believed 
that it would prove possible to identify and isolate many separate 
‘aptitudes’, which would be of the very greatest help in voca- 
tional guidance and selection. This hope has proved a vain 
psychologist has a fairly 
but when these are looked 
d to contain measures of 
important determinants of 
; both verbal and non-verbal; 


x 


p factors? such as y or n or k. There are 
unlikely to be separate tests of aptitude for engineering, or 
for dentistry, or for architecture, The notion tha 


be reflected in the tests he emplo: 
lying behind this assortment of 


1, Pastore, N., The nature-nurture controversy, Cambridge, 1949. 


14 


INTRODUCTION 


close indeed to that achieved by the British psychologist who 
bases his technique on the hierarchical structure described by 
Burt and by Vernon in Part Four. 

I make no apology for including (in Part Three) contributions 
from the philosophers. The question ‘what is intelligence?" is a 
fundamental one, and it seems only reasonable to provide an 
indication of how this question is approached by philosophers. 
Philosophy and psychology have an area of overlap, and this is 
often neglected by workers in both fields. I am aware, too, of a 
proportion of students of psychology and of education who have 
strong interests in philosophy: Part Three may provide something 
for those interests to feed on, and may act as a starting-point for 
further reading. 

The time-span of the readings reprinted in this book is close 
on a hundred years. How much progress have we made? A re- 
reading of the contribution from that hereditary genius Francis 
Galton makes one feel that we have done little more than validate 
and systematize the flashes of insight which he then produced. 
The final section of the book, however, begins to draw together 
the results of an impressive volume of research and inquiry in 
the cognitive field, and shows the first movement towards an 
integration of two major sectors of psychological theory: 
learning theory and man's abilities and aptitudes. Once a firm 
integration of these two streams of research is achieved a new era 
will have dawned for the educational psychologist and the 
vocational psychologist. Meanwhile the study of intelligence, 
ability and aptitude will continue to fascinate the theoretician 
and the applied psychologist alike, and there is unlikely to be 
any slackening in our research effort. There are few who under- 
rate the importance of the task in terms of its potentiality for 
the progress of mankind and the achievement of equality of 
opportunity. It is fitting to end this introduction with a quotation 
from the introduction to Sir Francis Galton's Hereditary genius, 
à quotation which retains its full force and relevance nearly a 
century after it was first written: 


I wish again to emphasize the fact that the improvement of the 
natural gifts of future generations of the human race is largely, though 
indirectly, under our control. We may not be able to originate, but we 
can guide. . . . It is earnestly to be hoped that inquiries will be increas- 
ingly directed into historical facts, with a view of estimating the possible 
effects of reasonable political action in the future, in gradually raising 
the present miserably low standard of the human race to one in which 
' the Utopias in the dreamland of philanthropists may become practical 
possibilities. 
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While I must accept sole responsibility for the choice of readings 
printed in this volume, I must acknowledge my indebtedness 
to the many friends and colleagues who assisted me by discussion, - 
and by suggestions for inclusions. It will be obvious to them that 
did not always act on their advice: nevertheless, they had con- 
= siderable influence on the final shape of the book. Among these 
. helpers lam particularly indebted to Mr L. B. Birch, Sir Cyril — - 
Burt, Mr T. Fitzpatrick, Mr T. H. B. Hollins, Mr D. McMahon, - 
. Professor P. H. Taylor and Professor F. W. Warburton. And  . 
ost of all I must express my gratitude to Mrs Sybil Shields who — 
A undertook the arduous work of typing, copying, collating and I 
- generally organizing the material for publication. % 
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Part One THE PIONEERS 


Sir Francis Galton can fairly be described as the father of 
experimental educational psychology. The first of our readings 
is taken from his famous book Hereditary genius, and from 
this short extract some of the author's many gifts may be 
apparent. His outstanding characteristic was, perhaps, an 
intensely inquiring mind, one that was for ever producing 
questions and probing at problems. But he was not content 
with arm-chair philosophizing and speculation: his approach 
was empirical; he sought facts to satisfy his questions. He 
believed in measurement as one of the basic necessities, from 
which facts could be produced, and hence theories evolved. 
Once his measurements were obtained — anthropometric 
measurements, for example, or measurements of human mental 
ability — he found it necessary to devise techniques of analysis 
of the data. He invented correlation, one of the experimental 
psychologist's most important tools: Karl Pearson polished the 
tool, but Galton designed the prototype. And in the extract 
printed here the reader will discern, in Galton’s ‘classification P. 
the fundamental first steps towards the concept of standardized 
Scores. Galton was a polymath — a geographer and an explorer 
before he was an anthropometrician — and he also had no 
doubts about the scientists responsibilities to society. The 
following quotation from the introduction to Hereditary 
genius, with its insistence on our duty to humanity, is 
characteristic of the man: 


I shall show that social agencies of an ordinary character whose 
influences are little suspected are at this moment working towards 
the degradation of human nature and that others are working 
towards its improvement. I conclude that each generation has 
enormous power over the natural gifts of those that follow, and 
. maintain that it is a duty we owe to humanity to investigate the 

range of that power, and to exercise it in such a way that, without 
— being unwise towards ourselves, it shall be advantageous to future 
_ inhabitants of the Earth. 


It is, perhaps, a sobering thought that this could well be 
"Written again today, one hundred years later. 
a 


d Ttt . N dc^. 
/ "The second of the pioneers to appear in this first section is 
Charles Spearman, army officer turned psychologist. There 
is no doubt about his being a true pioneer. The first 
contribution printed here is an extract from a famous paper 
published in 1904. This was a work of great significance: 

it forms the foundation of an impressive edifice of experimental 
work; it was the basis of an elaborate and highly significant 
theory of the organization of man's abilities; and from this 
paper developed the statistical techniques from which factor 
analysis developed. This was the opening statement of a debate 
which has long continued: ‘general’ versus *specific' traits, the 
existence of group factors, the existence of *general intelligence” 
itself. Throughout this book will be found references 

to Spearman and his theories, and for this reason alone it 
seemed imperative to include at least extracts from this historic 
paper. A second contribution from Spearman is also included, 
one from his 1927 book The abilities of man. From this one 
can see how his first tentative theory has consolidated and 
become more sophisticated. It also gives an indication of how 
his theory and techniques of analysis lead on — it would seem 
to us, now, almost inevitably — to the development of factor 
analysis. 

It is manifestly inadequate to include only two ' pioneers^ 

in a book covering such a complex and ramified field, and only 
_ the conflicting demands of space can possibly excuse this. But 
I can attempt some degree of compensation by making 
suggestions for further reading, and this I do for this and for 
.. each of the following sections on pp. 357-8. 


&C.E.ER t. West penga; 


pate 20.7. 3. EE. 
- a Acc. No. AAS. ys. 


Classification of Men According to their Natural Gifts 


Excerpts from F. Galton, Hereditary genius, Macmillan, 2nd edn, 1892, 
chapter 3. 


I have no patience with the hypothesis occasionally expressed, 
and often implied, especially in tales written to teach children to 
be good, that babies are born pretty much alike, and that the 
sole agencies in creating differences between boy and boy, and 
man and man, are steady application and moral effort. It is in 
the most unqualified manner that I object to pretensions of natural 
equality. The experiences of the nursery, the school, the Uni- 
versity, and of professional careers, are a chain of proofs to the 
contrary. I acknowledge freely the great power of education and 
social influences in developing the active powers of the mind, just 
as I acknowledge the effect of use in developing the muscles of a 
blacksmith’s arm, and no further. Let the blacksmith labour as 
he will, he will find there are certain feats beyond his power that 
are well within the strength of a man of herculean make, even 
although the latter may have led a sedentary life. Some years ago, 
the Highlanders held a grand gathering in Holland Park, where 
they challenged all England to compete with them in their games 
of strength. The challenge was accepted, and the well-trained men 
of the hills were beaten in the foot-race by a youth who was stated 
to be a pure Cockney, the clerk of a London banker. 

Everybody who has trained himself to physical exercises dis- 
covers the extent of his muscular powers to a nicety. When he 
begins to walk, to row, to use the dumb bells, or to run, he finds 
to his great delight that his thews strengthen, and his endurance of 
fatigue increases day after day. So long as he is a novice, he per- 
haps flatters himself there is hardly an assignable limit to the 
education of his muscles; but the daily gain is soon discovered to 
diminish, and at last it vanishes altogether. His maximum per- 
formance becomes a rigidly determinate quantity. He learns to an 
inch how high or how far he can jump, when he has attained the 
highest state of training. He learns to half a pound the force he 
can exert on the dynamometer, by compressing it. He can strike a 
blow against the machine used to measure impact, and drive its 
index to a certain graduation, but no further. So it is in running, 


in rowing, in walking, and in every other form of physical exertion. 


Tc oN A MESTRE 
F : 
". CLASSIFICATION OF MEN ACCORDING TO NATURAL GIFTS 


There is a definite limit to the muscular powers of every man, 
which he cannot by any education or exertion Overpass. 

This is precisely analogous to the experience that every student 
has had of the working of his mental powers. The eager boy, when 
he first goes to school and confronts intellectual difficulties, is 
astonished at his progress. He glories in his newly developed men- 
tal grip and growing capacity for application, and, it may be, 
fondly believes it to be within his reach to become one of the 
heroes who have left their mark upon the history of the world. 
The years go by; he competes in the examinations of school and 
college, over and over again with his fellows, and soon finds his 
place among them. He knows he can beat such and such of his 
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proach. Probably his vanity 
whispering in a new strain. It tells him that classics, 
and other subjects taught in 
specialities, and no test of the 
It reminds him of numerous i 
unsuccessful in the competitions of youth 
powers in after-life that made them the fo; 
age. Accordingly, with newly furbished hopes, 
ambition of twenty-two years of age, he lea 
enters a larger field of competiti 
awaits him here that he has al 
occur — they occur to every m 
of grasping them. He tri 


; unless he is incurably blinded by self-conceit. 
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The mathematical powers of the last man on the list of honours, 
which are so low when compared with those of a senior wrangler, 
are mediocre, or even above mediocrity, when compared with the 
gifts of Englishmen generally. Though the examination places 
100 honour men above him, it puts no less than 300 *poll men* 
below him. Even if we go so far as to allow that 200 out of the 300 
refuse to work hard enough to get honours, there will remain 100 
who, even if they worked hard, could not get them. Every tutor 
knows how difficult it is to drive abstract conceptions, even of the 
simplest kind, into the brains of most people — how feeble and 
hesitating is their mental grasp—how easily their brains are mazed— 
how incapable they are of precision and soundness of knowledge. 
It often occurs to persons familiar with some scientific subject 
to hear men and women of mediocre gifts relate to one another 
what they have picked up about it from some lecture — say at the 
Royal Institution, where they have sat for an hour listening with 
delighted attention to an admirably lucid account, illustrated by 
experiments of the most perfect and beautiful character, in all of 
Which they expressed themselves intensely gratified and highly 
instructed. It is positively painful to hear what they say. Their 
recollections seem to be a mere chaos of mist and misapprehen- 
Sion, to which some sort of shape and organisation has been given 
by the action of their own pure fancy, altogether alien to what the 
lecturer intended to convey. The average mental grasp even of 
what is called a well-educated audience will be found to be 
ludicrously small when rigorously tested. 

In stating the differences between man and man, let it not be 
Supposed for a moment that mathematicians are necessarily one- 
Sided in their natural gifts. There are numerous instances of the 
reverse, of whom the following will be found, as instances of 
hereditary genius, in the appendix to my chapter on SCIENCE. I 
would especially name Liebnitz, as being universally gifted; but 
Ampère, Arago, Condorcet, and D'Alembert were all of them 
Very far more than mere mathematicians. Nay, since the range 
of examination at Cambridge is so extended as to include other 
Subjects besides mathematics, the differences of ability between 
the highest and the lowest of the successful candidates is yet more 
8laring than what I have already described. We still find, on the 
one hand, mediocre men, whose whole energies are absorbed in 
getting their 237 marks for mathematics; and, on the other hand, 
Some few senior wranglers who are at the same time high classical 
Scholars and much more besides. Cambridge has afforded such 
instances. Its list of classical honours is comparatively of recent 
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must have obtained that classical office on account of his eminent . 
classical ability; but Dr Butler was also senior wrangler in 1794, 
the year when Lord Chancellor Lyndhurst was second. Both Dr 


of their respective years. Since 1824, when the classical tripos was 
first established, the late Mr Goulburn (son of the Right Hon. H. 
Goulburn, Chancellor of the Exchequer) was second wrangler in 
1835, and senior classic of the same year. But in more recent 
times, the necessary labour of preparation, in order to acquire 
the highest mathematical places, has become so enormous that 


degrees appear to be that of Dr Barry, 
ham, and now Principal of King’s Colle 
eminent architect, Sir Charles Barry, a 


c > we arrive at equall 
enormous intellectual differences, Lord Macaulay EN had on 


had one of the greatest memories on record in ancient times [... .] 
Porson, the Greek scholar, was remarkable for this gift, and, I may 
add, the ‘Porson memory’ was hereditary in that family. In states- 
nce, poetry, art, just the 
Same enormous differences are found between man and man; 
and numerous instances recorded in this book will sh 
small degree eminence, either in the 
tellectual powers, can be considere 
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powers. They are rather to be considered in those instances as the 
result of concentrated efforts made by men who are widely 
gifted. People lay too much stress on apparent specialities, think- 
ing over-rashly that, because a man is devoted to some particular 
pursuit, he could not possibly have succeeded in anything else. 
They might just as well say that, because a youth had fallen 
desperately in love with a brunette, he could not possibly have 
fallen in love with a blonde. He may or may not have more natural 
liking for the former type of beauty than the latter, but it is as 
probable as not that the affair was mainly or wholly due to a 
general amorousness of disposition. It is just the same with 
special pursuits. A gifted man is often capricious and fickle before 
he selects his occupation, but when it has been chosen, he devotes 
himself to it with a truly passionate ardour. After a man of genius 
has selected his hobby, and so adapted himself to it as to seem un- 
fitted for any other occupation in life, and to be possessed of but 
one special aptitude, I often notice, with admiration, how well he 
bears himself when circumstances suddenly thrust him into a 
strange position. He will display an insight into new conditions, 
and a power of dealing with them, with which even his most inti- 
mate friends were unprepared to accredit him. Many a presump- 
tuous fool has mistaken indifference and neglect for incapacity; 
and in trying to throw a man of genius on ground where he was 
unprepared for attack, has himself received a most severe and un- 
expected fall. I am sure that no one who has had the privilege of 
mixing in the Society of the abler men of any great capital, or who 
is acquainted with the biographies of the heroes of history, can 
doubt the existence of grand human animals, of nature pre- 
eminently noble, of individuals born to be kings of men. I haye 
been conscious of no slight misgiving that I was committing a 
kind of sacrilege whenever, in the preparation of materials for 
this book, I had occasion to take the measurement of modern 
intellects vastly superior to my own, or to criticise the genius of 
the most magnificent historical specimens of our race. It was a 
‘process that constantly recalled to me a once familiar sentiment 
in bygone days of African travel, when I used to take altitudes of 
the huge cliffs that domineered above me as I travelled along their 
bases, or to map the mountainous landmarks of unvisited tribes, 
that loomed in faint grandeur beyond my actual horizon. 

I have not cared to occupy myself much with people whose 
gifts are below the average, but they would be an interesting study. 
The number of idiots and imbeciles among the twenty million - 
inhabitants of England and Wales is approximately estimated at 
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order, of good feeling, and of working like the third of an average 
man. He says that more than forty per cent have become capable 
of the ordinary transactions of life, under friendly control; of 
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also constructed numerical tables, by which the necessary cal- 
culations can be easily made, whenever it is desired to have re- 
course to the law. Those who wish to learn more than I have 
space to relate should consult his work, which is a very readable 
octavo volume, and deserves to be far better known to statisticians 
than it appears to be. Its title is Letters on probabilities, translated 
by Downes, Layton and Co., London, 1849. 

So much has been published in recent years about statistical 
deductions, that I am sure the reader will be prepared to assent 
freely to the following hypothetical case: — Suppose a large 
island inhabited by a single race, who intermarried freely, and 
who had lived for many generations under constant conditions; 
then the average height of the male adults of that population 
would undoubtedly be the same year after year. Also — still 
arguing from the experience of modern statistics, which are 
found to give constant results in far less carefully guarded 
examples — we should undoubtedly find, year after year, the same 
proportion maintained between the number of men of different 
heights. I mean, if the average stature was found to be sixty-six 
inches, and if it was also found in any one year that 100 per million 
exceeded seventy-eight inches, the same proportion of 100 per 
million would be closely maintained in all other years. An equal 
constancy of proportion would be maintained between any other 
limits of height we pleased to specify, as between seventy-one 
and seventy-two inches; between seventy-two and seventy-three 
inches; and so on. Statistical experiences are so invariably con- 
firmatory of what I have stated would probably be the case, as to 
make it unnecessary to describe analogous instances. Now, at 
this point, the law of deviation from an average steps in. It shows 
that the number per million whose heights range between seventy- 
one and seventy-two inches (or between any other limits we please 
to name) can be predicted from the previous datum of the average, 
and of any one other fact, such as that of 100 per million ex- 
ceeding seventy-eight inches. 

The diagram on p. 28 will make this more intelligible. Sup- 
pose a million of the men to stand in turns, with their backs 
against a vertical board of sufficient height, and their heights 
to be dotted off upon it. The board would then present the appear- 
anceshown in the diagram. The line of average height is that which 
divides the dots into two equal parts, and stands, in the case we 
have assumed, at the height of sixty-six inches. The dots will be 


-. found to be ranged so symmetrically on either side of the line 
of average, that the lower half of the diagram will be almost a. 
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ecise reflection of the upper. Next, let a hundred dots be counted. 

m above downwards, and let a line be drawn below them. j 

_ According to the conditions, this line will stand at the height a 

of Seventy-eight inches. Using the data afforded by these two 


100 permillion 
_ are above this line 
_ line of 

average height 
100 per million 
are below this line 


cale of feet 


nes, it is possible, by the help of the | 


law of deviation from an 
verage, to reproduce, with extraordin 
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Ivisions. It is easy, by the help of his 
ould occur under any other system of 
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influences of the same variable conditions, 
First, the average value of those events will be constant; and, 
secondly, the deviations of the several e 


vents from the average 
will be governed by this law (which is, in Principle, the same a: 
that which governs runs of luck at a gaming-table), 
"- 
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The nature of the conditions affecting the several events must, _ 
1 say, be the same. It clearly would not be proper to combine the 
heights of men belonging to two dissimilar races, in the expecta- 
tion that the compound results would be governed by the same 
constants. A union of two dissimilar systems of dots would pro- 
duce the same kind of confusion as if half of the bullets fired at a 
target have been directed to one mark, and the other half to 
another mark. Nay, an examination of the dots would show to a 
person, ignorant of what had occurred, that such had been the 
case, and it would be possible, by aid of the law, to disentangle 
two or any moderate number of superimposed series of marks. 
The law may, therefore, be used as a most trustworthy criterion, 
whether or no the events of which an average has been taken 
are due to the same or to dissimilar classes of conditions. 

I selected the hypothetical case of a race of men living on an 
island and freely intermarrying, to ensure the conditions under 
which they were all supposed to live being uniform in character. 
It will now be my aim to show there is sufficient uniformity in 
the inhabitants of the British Isles to bring them fairly within the 
grasp of this law [. . . J 

I argue from the results obtained from Frenchmen and from 
Scotchmen, that, if we had measurements of the adult males in 
the British Isles, we should find those measurements to range in 
close accordance with the law of deviation from an average, 
although our population is as much mingled as I described that 
of Scotland to have been, and although Ireland is mainly 
peopled with Celts. Now, if this be the case with stature, then it 
will be true as regards every other physical feature — as circum- 
ference of head, size of brain, weight of grey matter, number of 
brain fibres, &c.; and thence, by a step on which no physiologist 
will hesitate, as regards mental capacity. 

This is what Iam driving at- that analogy clearly shows there 
must be a fairly constant average mental capacity in the inhabi- 
tants of the British Isles, and that the deviations from that average 
~ upwards towards genius, and downwards towards stupidity — 
must follow the law that governs deviations from all true aver- 
ages [....] 

The number of grades into which we may divide ability is 
purely a matter of option. We may consult our convenience by 
sorting Englishmen into a few large classes, or into many small 
ones. I will select a system of classification that shall be easily 
comparable with the numbers of eminent men, as determined in 
the previous chapter. We have seen that 250 men per million 
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become eminent; accordingly, I have so contrived the classes in 
the table opposite that the two highests, F and G, together with X 
(which includes all cases beyond G, and which are unclassed), 
shall amount to about that number — namely to 248 per million. 

It will, I trust, be clearly understood that the numbers of men 
in the several classes in my table depend on no uncertain hypo- 
thesis. They are determined by the assured law of deviations fron” 
an average. It is an absolute fact that if we pick out of each 
million the one man who is naturally the ablest, and also the one 
man who is the most stupid, and divide the remaining 999,998 
men into fourteen classes, the average ability in each being sepa- 
rated from that of its neighbours by equal grades, then the number 
in each of those classes will, on the average of many millions, be as 
it is stated in the table. The table may be applied to special, 
just as truly as to general ability. It would be true for every 
examination that brought out natural gifts, whether held in paint- 
ing, in music, or in statesmanship. The proportions between the 
different classes: would be identical in all these cases, although 
the classes would be made up of different individuals, according 
as the examination differed in its purport. 

It will be seen that more than half of each million is contained 
in the two mediocre classes a and A; the four mediocre classes 
a, b, A, B, contain more than four-fifths, and the six mediocre 
classes more than nineteen-twentieths of the entire population. 
"Thus, the rarity of commanding ability, and the vast abundance 
of mediocrity, is no accident, but follows of necessity, from the 
very nature of these things. 

The meaning of the word ‘mediocrity’ admits of little doubt. 
It defines the standard of in 
provincial gatherin 
life in the metrop 


abler classes of men, and the silly and the imbecile do not take. 


the residuum that forms the bulk 
lera : 1 provincial places is commonly 
Very pure in its mediocrity, 
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: ns living in this country; but that 30 per cent of their 
pro EA be light cases, to whom the name of idiot is 
ppropriate. There will remain 280 true idiots and imbeciles 
to every million of our population. This ratio coincides very 
closely with the requirements of class f. No doubt a certain pro- 
- portion of them are idiotic owing to some fortuitous cause, which 
nay interfere with the working of a naturally good brain, much 
as a bit of dirt may cause a first-rate chronometer to keep worse 
ne than an ordinary watch. But Y presume, from the usual 
smallness of head and absence of disease among these persons, 
. that the proportion of accidental idiots cannot bi 
. Hence we arrive at the undeniable, 
that eminently gifted men are raised 
as idiots are depressed below it; a fa 
siderably enlarge our ideas of the enormous differences of in- 
tellectual gifts between man and man. 
I presume the class F of dogs, and others of the more intelli- 
gent sort of animals, is nearly commensurate with the f of the af 
human race, in respect to memory and powers of reason. Certainly 


the class G of such animals is far superior to the g of humankind, 
T 


e very large. 

but unexpected conclusion, 
as much above mediocrity 
ct that is calculated to con- 
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‘General Intelligence’: Objectively Determined and 
Measured 


Excerpts from C. Spearman, ‘“ General intelligence" : objectively 
determined and measured’, Amer. J. Psychol., vol. 115 (1904), 
pp. 201-92. 


To-day it is difficult to realize that only as recently as 1879 

Wundt first obtained from the authorities of Leipsig University § 
one little room for the then novel purpose of a ‘psychological 
Laboratory’. f 

In twenty-four years, not only has this modest beginning ex-  - 
panded into a suite of apartments admirably equipped with f 
elaborate apparatus and thronged with students from the most - 
distant quarters of the globe, but all over Germany andin almost - 
every other civilized country have sprung up a host of similar 
institutions, each endeavoring to outbid the rest in perfection. 
The brief space of time has sufficed for Experimental Psychology 
to become a firmly established science, everywhere drawing to - / 
itself the most vigorous energies and keenest intellects. 

But in spite of such a brilliant career, strangely enough this | 
new branch of investigation still meets with resolute, wide-spread, 
and even increasing opposition. Nor are its enemies at all con- 
fined to belated conservatives or crotchety reactionaries; they 
are rather to be found among the most youthful schools of | 
thought; their strength may be in some measure estimated from. 
the very elaborate apology which one of the best-known experi- — 
mental psychologists has lately found himself called upon to utter - 
on behalf of his profession. 

And, indeed, when we without bias consider the whole actual - 
fruit so far gathered from this science — which at the outset 
seemed to promise an almost unlimited harvest — we can scarcely — 
avoid a feeling of great disappointment. Take for an example 
Education. This is the line of practical inquiry that more than all _ 
others has absorbed the energy and talent of the younger workers. 
and that appears to offer a peculiarly favorable field for suc 
methods. Yet at this moment, notwithstanding all the laborious — 
experiments and profuse literature on the subject, few competent — 3 
and unprejudiced judges will venture to assert that much un- | 
equivocal information of capital importance has hitherto thu: 
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come to light. Nor have the results been more tangible in Psy- 
chiatry or in any other department of applied psychology. 
Those, then, who have the highest opinion concerning, the 
potentialities of this new science, will feel most bound to critically 
examine it for any points of structural incompleteness [. . . .] 
The present article, therefore, advocates a *Correlational 
Psychology’, for the purpose of positively determining all 
psychical tendencies, and in particular those which connect to- 
gether the so-called ‘mental tests’ with psychical activities of 


y community of orga- 
re almost always per- 
same manner; if, for 


minating two musical 
tones, he may be expected to manifest this talent on any subse- 
quent occasion, and even in another portion of the scale. 


allowed to palliate the Shortcomings in 

In the first place, only one out of them all (Wissler at Columbia) 
attains to the first fundamental requisite of correlation, namely, 
a precise quantitative expression. Many writers, indeed, have been 
at great trouble and have compiled elaborate numerical tables, 
even bewilderingly so; but nowhere do we find this mass of data 
focused to a single exact result. In consequence, not only has 
comparison always been impossible between one experiment and 
another, but the experimenters themselves have proved quite 
unable to correctly estimate even their own results; some have 
conceived their work to prove that correspondence was absent 
when it really existed to a very considerable amount; whereas 
others have held up as a large correlation what in reality is 
insignificantly small. Later on, we shall come upon examples 
of both kinds of bias. With this requisite is closely bound up 
another one no less fundamental, namely, that the ultimate 
result should not be presented in some form specially devised to 
demonstrate the compiler's theory, but rather should be a 


perfectly impartial Tepresentation of the whole of the relations 
elicited by the experiments. 
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Next, with the same exception as before, not one has calculated 
the ‘probable error’; hence, they have had no means whatever 
of judging how much of their results was merely due to accidental 
coincidence. This applies not only to the experiments executed 
with comparatively few subjects, but even to those upon the most 
extensive scale recorded. The danger of being misled by com- 
binations due to pure chance does, indeed, depend greatly upon 
the number of cases observed, but in still larger degree upon the 
manner in which the data are calculated and presented. 

Thirdly, in no case has there been any clear explicit definition 
of the problem to be resolved. A correspondence is ordinarily 
expressed in such a general way as neither admits of practical 
ascertainment nor even possesses any great theoretical signifi- 
cance; for a scientific investigation to be either possible or desir- 
able, we must needs restrict it by a large number of qualifications. 
Having done so, any influence included (or excluded) in contra- 
vention of our definition must be considered as an irrelevant and 
Salsifying factor. Now, in many of the experiments that we have 
been discussing, even in those upon quite a small scale, the authors 
have tried to kill as many birds as possible with one stone and 
have sought after the greatest — instead of the least — diversity; 
they have purposely thrown together subjects of all sorts and 
ages, and thus have gone out of their way to invite fallacious ele- 
ments into their work. But in any case, even with the best of 
intentions, these irrelevant factors could not possibly be ade- 
quately obviated, until some method had been discovered for 
exactly measuring them and their effect upon the correlation; 
this, to the best of my knowledge, has never been done. As will 
presently be seen, the disturbance is frequently sufficient to so 
entirely transform the apparent correlation, that the latter be- 
comes little or no evidence as to the quantity or even direction of 
the real correspondence. 

Lastly, no investigator seems to have taken into any considera- 
tion another very large source of fallacy and one that is inevit- 
ably present in every work, namely, the errors of observation. 
For having executed our experiment and calculated the correla- 
tion, we must then remember that the latter does not represent 
the mathematical relation between the two sets of real objects 
compared, but only between the two sets of measurements which 
we have derived from the former by more or less fallible processes. 
The result actually obtained in any laboratory test must neces- 
sarily have in every case been perturbed by various contingencies 
which have nothing to do with the subject's real general capacity; 
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a simple proof is the fact that the repetition of an experiment will 
always produce a value somewhat different from before. The same 
is no less true as regards more practical appraisements, for the 
lad confidently pronounced by his teacher to be ‘dull’ may 
eventually turn out to have quite the average share of brains. 
These, unavoidable discrepancies have always been ignored, 
apparently on some tacit assumption that they will act impartially, 
half of them tending to enhance the apparent correlation and half 
to reduce it; in this way, it is supposed, the result must in the long 
run become more and more nearly true. Such is, however, not 
= atall the case; these errors of observation do not tend to wholly 
compensate one another, but only partially so; every time, they 
leave a certain balance against the correlation, which is in no way 
affected by the number of cases assembled, but solely by the size 
of the mean error of observation. The amount of consequent 
falsification is in physical inquiry often unimportant, but in 
psychology it is usually large enough to completely vitiate the 
conclusion. This falsifying influence has in many of the above 
4 experiments, especially the more extensive ones, occurred in 


exaggerated form; for even those experimenters who are most 
careful in the ordinary routine of the laboratory have yet 
allowed themselves to b 


a : € seduced by the special difficulties attend- 
ing this sort of work; urged on the one 


urs, etc.) they have too often 
d and inadequate methods of 
ss of intention will not avail 
e most painstaking work is far 
Ta the observational fallacy has 
been reduced to insignificant dimensions; we can have no 
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greatest propriety. Provisionally, at any rate, the aim was em- 
pirically to examine all the various abilities having any prima 
facie claims to such title, ascertaining their relations to one 
another and to other functions. 
_ Four such different kinds of Intelligence have been introduced. 
into the present work. First, there is that revealed in the ordinary 
Classification according to school order (based here uponexamina- 
tions). This clearly represents Present Efficiency in such matters as 
Latin, Greek, Mathematics, etc. Examples of this kind will be 
found in experimental series III and IV. 

The next sort of Intelligence derives from the same school 
order, but so modified as to exclude all influence of Age. Such a 
corrected order may be provisionally accepted as representing, 
not Proficiency, but Native Capacity. It has been arrived at by 
taking the difference between each boy's rank in school and his 
rank in age. For obvious reasons, it has been preferred to consider 
the absolute and not the relative differences; a boy, for instance, 
Who was 20th by examination and 22nd by age would be placed 
just above one who was 15th by examination and 16th by age, 
the former being two places and the latter only one better than 
would have been expected with greatest probability. ‘ 

The resulting order is clearly but a first approximation, to 
which we may apply any number of further corrections. For our 
present purpose, the following has appeared the most that can be 
practically required (and even this makes no appreciable change 
in the final values obtained). Evidently, the top boy is prevented 
from proving his full capabilities by want of competitors; let us 
suppose that he happens also to be the oldest ; then, on our method 
above, he will seem no better than a boy of middle age and at the 
same time of middle school order; but the latter will in reality 


always be found below many younger than himself, compensating . 


this by being also above about an equal number of older ones; 
now, our top boy has not let himself be surpassed by a single one 
of his juniors, and therefore would certainly have gone above à 
great many of his seniors, had the school included such. The 
top boy's true position may be roughly estimated by making him 
an extra allowance of a number of places equal to the general 
mean deviation of actual from average rank (which in this case 
comes to five places); clearly, also, such allowance may with 
equal right be claimed by the top boy, even if he does not happen 
to be the oldest; further, the same correction is applicable in 
slighter degree to the second boy, in still slighter to the third, and 
so on ina rapidly diminishing curve up to the centre of the school. 
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For practical purposes, it has seemed sufficient to allow the next 
four boys, 4, 3, 2, and 1 places respectively; naturally, the whole 
of this correction must be repeated inversely for the bottom end 
of the school. Though this explanation is rather complicated, 
the correction is very easily carried out and, as stated, its effect 
is hardly appreciable. 

The third kind of Intelligence is that represented and measurable 
by the general impression produced upon other people. This 
forms the basis of the common broad assortment of the children 
by their teachers into ‘bright’, 

- and with such an assortment I 
_ the elder children in the second 
= those under 7 years of age, 

. grading at all. But for the 

. relative rank was procured o 

= be noted that teachers, if dire 

. frequently begin by asserting 

. generally found, however, 


perform the desired feat; 


ification is complete. 
t of Intelligence Which has here been 


not come much under her noti 


perfectly homologous with the other two lists, 


1. The day after these experiments I left the neighborhood of the schools 


Procedure in Deducing Results 


(a) Method of correlation. So far this chapter has been occupied 
With obtaining estimates as to the reagents" respective abilities in 
the several sensory and intellective functions. T his is an operation 
requiring the fullest use of psychological insight; and, therefore, 
based on the long preliminary investigation previously described, — 
every effort has been made to ferret out and evade all circum- "- 
Stances tending to make our little sample of facts appreciably 
misrepresentative of the real general relations or psychologically L 
Superficial and misleading. But the next portion of our problem is — | 
Of a very definite objective nature; we wish to ascertain how far 
the observed ranks in the several abilities tend to correspond with 
one another; this, it is believed, is no longer a task to be effected 
by exertions of psychological ingenuity ; instead of constructing — 
complex arbitrary tables and plausible but more or less fanciful — 
explanatory stories, we now are in need of such a procedure as 
Will impartially utilize all our information in the demonstrably 
most complete manner and will focus it to a plain quantitative — 
value; for the moment, psychology has to give way to mathematics: | 
Accordingly, all the more important correlations in the present —— 
Work have been worked out by the best method hitherto evolved, —. 
that of ‘product moments’, as Pearson terms it; only instead of 
using the actual measurements obtained for the reagents’ re- - 
Spective thresholds, the change had been made of employing the 
numbers denoting their relative ranks; a full explanation of t e 
advantages of this modification may be found in the article 
Specially devoted to the topic (the chief being a reduction of the 
Probable error equivalent to doubling the quantity of cases - 
Observed). Merely subsidiary results have often been reckoned by - 
the much more convenient method of ‘rank differences’, while a 
few correlations were for various reasons not amenable to either 
Of these more exact methods, and therefore had to be worked out — 
by Pearson’s auxiliary method or mine of ‘class averages’ (the — 
latter has generally been preferred, on account of its smaller — 
Probable error). All these are but different ways of more or less - 
closely arriving at the same measure of correlation, and thus all -— 
the results can be freely compared with one another. ; = 
. The method of ‘product moments’, though sometimes involv- - 
ing lengthy calculations, is so simple a principle that it can be - 
Worked by any moderately intelligent schoolboy. Explanation 
and illustration are given in the above article; here, nothing more — | 
- than the general formula can be stated, which is as follows: 


= Sxy 
a Sx? 2 
where x = any individual deviation from the general median as 
regards one of the compared characteristics, 
y = the deviation of the same individual as regards the 
other characteristic, 
Sxy = the sum of such products for all the individuals, 


Sx* — the sum of the squares of all the various values of x, 
Sy? = the same for y, 
and r= the required correlation. 


(b) Elimination of observational errors. This necessitates à 


further mathematical operation, which, however, is very brief - 
and does not involve anythin 


There are two formulae, 


£ more than elementary arithmetic. 1 
one theoretical and the other empirical: 


me 
0) pq = vi ze 
VFp'ip'2 « Faigo 


Vmn. Fpa — l'y'q! 
‘Vin — 1 
= the mean correlation between the various gradings 
for p and those for q, 
"1 = the average correlation between one and another 


of these several independently obtained series of 
values for p, 


feiga = the same as regards q, 
Tq” = the correlation of an amalgamated series of meas- _ 


urements for p with an amalgamated series for q, — 
m and n = the number of independent gradings for p and 4 
respectively, 


Fpa = the required real correlation between the true 
objective values of p and q. 


It will be found exceedingly important to employ both formulae 
simultaneously, for they are independent of one another and 
each has different Sources of fallacy, so that the most essential 
p pation is gained by a comparison between their respective 
results. 


When we say that a series of objects correlates entirely with 
a second series, we do not assert that every set of measurements 
of the one will absolutely coincide with those of the other, seeing - 
that discrepancies must inevitably arise from errors in measuring; - 
we only mean that whatever all sets of measurements of the one 


and (2) 


nq = 


where rpg 


and 


series have in common with each other will also be found common 
to all measurements of the other series; then, either of the above 
formulae will exactly eliminate the observational discrepancies 
and thus present the correlation in its entirety. 

But much more often the measurements for the same series are 
connected with one another by more than connects them with 
the measurements of the other series, and then the case is ambi- 
guous. Either the surplus really lies in the series measured, which 
is equivalent to saying that this series contains elements not com- 
mon to the other series, and that the correlation is to this extent 
incomplete; here, once more, both formulae will produce the 
properly corrected amount. Or, as is usual, the excess of agree- 
ment between the measurements for the same series may partly 
(or wholly) derive from their having the same constant fallacies; 
and now it will be found that both formulae give a correction still 
in the right direction but too small in quantity; further, this 
deficiency will be much greater for the theoretical formula than 
for the empirical one, so that when both formulae give the same 
result, we can assume that the latter has not been appreciably 
falsified by any constant fallacy common to the several sets 0 
measurements for the same series. 

Under special circumstances, the contrary case may occur of 
the sets of measurements for the one series being connected with 
each other by /ess than connects them with those of the other 
series. This will happen whenever several sets of measurements 
supposed to be taken from the same lot of objects are really 
Procured from different ones and their several correspondences 
with the second series have arisen from independent causes. In 
physical matters, this danger is not serious; if two persons decide 
independently to measure a fossil cave-bear, they are unlikely to 
make the mistake of going to different animals. But in psychology 
it is otherwise; persons may honestly endeavour to appraise the 
same mental faculty, and yet, owing to diversity of procedure 
and ignorance of organic uniformities, they may really obtain 
measurements of quite independent function. In such case, the 
Sets of measurement, however accurate they may be, will show no 
Correspondence with one another; and if the functions are even 
only partially different, the measurements will correspond with 
one another to that extent less than they would by reason solely of 
errors of observation. 

The effect will be to falsify any corrections by the theoretical 
formula, for the latter begins by assuming only one lot of object: 


to have been measured and therefore the correspondence 


i 
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between the sets of measurements to be at least as great as might 
be expected from their accuracy — an assumption generally fair 
enough, but under the special conditions delusively reducing 
the denominator and thus producing a final value proportionally 
too large. Now, this same fallacy affects corrections by the em- 
pirical formula in exactly the opposite direction; for the latter 
bases itself upon the fact that an amalgamation of several sets 
of measurements constantly emphasizes whatever elements are 
common to them all and simultaneously obliterates all that are not 
common; thus in the normal case of only one lot of objects under- 
lying the sets and determining their correlations to the other series, 


amalgamation will continually raise the correlation towards its — | 


full amount; but if there be more than one underlying lot of 
objects, each correlating the other series independently, then 
amalgamation will not emphasize but obliterate these indepen- 
dent influences and consequently not raise but lower the correla- 
tion. Hence, when several functions really corresponding with 
the second series independently have been confounded together 


and taken for different measurements of a single correspondence, 


the results, as corrected by the respective formulae will sharply 
diverge. Conversely, 


if, when a double set of measurements has 
been made the empirical corrective formula produces an increase 
of correlation, then these sets of measurements may be regarded 
as certainly deriving from some single common faculty (any in- 
fluences specific to each set of measurements being theoretically 
subtracted from the faculty and viewed as merely so many 
sources of observational error); and if the two corrective formulae 
lead to the same final amount of correlation, then this latter con- 
cerns wholly and solely the common faculty. 

Further, it is of great importance to remark that the last 
fallacy, namely the case when measurements believed to be taken 
from the same function really derive from different ones correlat- 
ing with the other series independently, may, by the first cor- 
rective formula, easily come to any values greater than 1 (and 
therefore impossible, seeing that 1 represents entirety). By the 
empirical formula, on the other hand, this can never occur; for 
whether the sets of measurements be connected with one another 
by either anything more or anything less than connects them 
with the measurements of any other compared series, then tbe 
correspondence between the two series will in both cases be 
reduced and therefore must necessarily be less than 1; in other 


1. Except for deviations due to mere chance, whose range will vary with — 
the probable error. 
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Duque pn corrected correlation can only amount to full 

P he s of measurements for both series have one 

E ox ET an differ in every other systematic constituent. 

gem -— anation and illustration are given in the article 
e topic of measuring correlation. 


E elirado of irrelevant factors. This is the final operation 
Day = to obtain a true result. Unlike the preceding one, it 
C ue be altogether escaped; for Jf the conditions are 
os à = if the preliminary investigation has been sufficiently 
factor EAE e experiment need not be affected by any irrelevant 
Bre ais large enough magnitude sensibly to vitiate the result. 
risa ees the necessary mathematical work has been reduced to 
Bus bala nens arithmetic; for more explanation, the reader 
Tf the in be referred to the special article. 
Sct factor be connected with on 
series, the equation is: 


" 
r pa 


where "^; s m i 

t'pa = the apparent correlation of p and q, the two variants 

to be compared, 

I'»» = the correlation of one 
third and irrelevantly 

"pq = the required real correl 
after compensating for th 
y. 


ily one of the two 


Fpa = 


of the above variants witha 
admitted variant v, 
ation between p and q, 


and 
e illegitimate influence of 


If the i 
irrelevant factor be connected with both series compared, 


the equation becomes: 


"pv + Fav 


Fpa = — 
where all th xa vil -—L "uu E r!qv) 
the terms have the same meaning as before. 


The Present Results 


1 Me , 
thod and meaning of the demonstration 


A T 
is d will have noticed, the formulae given at the end of 
corelio us chapter are equations whereby from several observed 
alene is A we are able to deduce a single true one. This latter 
ima o real scientific significance, and under the ordinary 
SOL emae conditions — such as governed the great majority of 
dE eviewed in the second chapter — the actually observed 
relations will rarely be of much interest in their primitive 
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_ raw state; for after passing through the proper corrections, they 

would come forth transfigured in every conceivable manner; 
some would increase in size, some diminish, some entirely dis- 
appear, and some even become inverted. Nevertheless, our true 
correlation in no way deserves the reproach of being a theoretical - 
abstraction for it only represents the limit to which the observed 

. Correlation itself will continually approach as improvement is 
made in the experimental procedure; and not even the most 
perfect methodics can afford to dispense 
that these are the sole means by whic 
adequately ascertained. 

Our method of demonstra 
of which are believed to 
intending to be more than merel 


with the formulae, seeing 
h the perfection may be 


y suggestive. First, we must 
orrelation actually observable 
. and we it wi 


means always parallel, a high 
but small evidential value and vice versa. 
A few words may now be said concerning the eventual meaning 


ra to the result which we hope to obtain. To put it. 
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briefly, the usual direction rg tt " 


reversed. The customary procedure consists in determining som F, 
matter of research subjectively, say, ‘Perception’, ‘Attention’, 
‘Imagination’, ‘Fatigue’, etc., and then ascertaining its relation 
| to other similarly pre-determined psychoses or neuroses. Here, 
on the contrary, although every effort has been made to render 
the mental phenomena as unequivocal and significant as possible, 
yet in the beginning not the least note is taken of any psychologi- | 
cal import beyond such as is barely necessary to define the subject 
of discussion in the most positive and objective manner; while 
the structure of language necessitates the continued use of such 
terms as Discrimination, Faculty, Intelligence, etc., these words 
must be understood as implying nothing more than a bare un- 
equivocal indication of the factual conditions of experiment. 
For the moment we are only inquiring how closely the values 
gained in the several different series coincide with one another, 
and all our corrections are intended to introduce greater accu- 
racy, not fuller connotation; the subjective problems are wholly 
reserved for later investigation. It is no new thing thus elaborately 
to deal with and precisely measure things whose real nature is 
concealed from view; of this nature, for instance, is obviously 
the study of electricity, of biology, and indeed of all physical 
science whatever. 
Let us, then, consider the extent of connection between two 
series of things implied by this sole fact of their presenting a - 
numerical correlation with one another; such a correspondence, 
when beyond the range of mere chance coincidence, may be forth- 
with assumed to indicate and measure something common to 
both series in question. Such a community may often consist of a 
definite so-called *substance'; A's changes of wealth will show 
Some correlation with those of B, if both possess some shares in 
the same stock. Or, on the other hand, the community may derive 
from a more complicated interaction of forces; thus, the weather 
is supposed to correlate with the state of the spots on the sun. 
But this distinction is superficial even in physical matters; - 
thingness may well be an indispensable crutch for popular 
thought, and indeed in metaphysics becomes a serious enough 
topic, but it has no place in strict natural science and still less 
In psychology, where fast limit has never been securely traceable 
between thing, qualities, and conditions. 
But the same simple mathematical formulae which have 
brought us so far will take us yet farther. As from several sets of 
inaccurate measurements it has been found possible to arrive. 
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raw state; for after passing through the proper corrections, they 
would come forth transfigured in every conceivable manner; 
some would increase in size, some diminish, some entirely dis- 
appear, and some even become inverted. Nevertheless, our true 
correlation in no way deserves the reproach of being a theoretical 
abstraction for it only represents the limit to which the observed 
correlation itself will continually approach as improvement is 
made in the experimental procedure; and not even the most 
perfect methodics can afford to dispense with the formulae, seeing 


that these are the sole means by which the perfection may be 
adequately ascertained. 


Our method of demonstration implies four distinct steps, all 
of which are believed to be absolutely indispensable for work 
intending to be more than merely suggestive. First, we must 
exactly determine the quantity of correlation actually observable 
and we must compare it with the probable error; then, if the 
former be no more than about twice as large as the latter, the 


whole experiment may indeed have produced a substantial 
negative result, but canno 


sion other than to sugge: 
vestigation until it acquires more 
other hand, the observed correlati 
than the probable error, 
of correspondence to h 


more rarely, excluded); any suspicions must be carefully verified 
in succession. Finally, We have to critically review the whole 
argument, paying particular attention to 


: such disturbing factors 
as have not been disposed of i E 


ng the eventual meaning 


attachable to the result which we hope to obtain. To put it 
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briefly, the usual direction of inquiry is in the present work 
reversed. The customary procedure consists in determining some ~ 
matter of research subjectively, say, ‘Perception’, ‘Attention’, 
‘Imagination’, ‘Fatigue’, etc., and then ascertaining its relation — 

to other similarly pre-determined psychoses or neuroses. Here, 
on the contrary, although every effort has been made to render _ 
the mental phenomena as unequivocal and significant as possible, 
yet in the beginning not the least note is taken of any psychologi- 
cal import beyond such as is barely necessary to define the subject 
of discussion in the most positive and objective manner; while 
the structure of language necessitates the continued use of such 
terms as Discrimination, Faculty, Intelligence, etc., these words 
must be understood as implying nothing more than a bare un- - 
equivocal indication of the factual conditions of experiment. 
For the moment we are only inquiring how closely the values 
gained in the several different series coincide with one another, 
and all our corrections are intended to introduce greater accu- | 
racy, not fuller connotation; the subjective problems are wholly . 
reserved for later investigation. It is no new thing thus elaborately y 
to deal with and precisely measure things whose real nature IS - 
concealed from view; of this nature, for instance, is obviously 
the study of electricity, of biology, and indeed of all physical 
Science whatever. 

Let us, then, consider the extent of connection between two 
series of things implied by this sole fact of their presenting a 
numerical correlation with one another; such a correspondence, 
when beyond the range of mere chance coincidence, may be forth- - 
with assumed to indicate and measure something common to — 
both series in question. Such a community may often consist ofa 
definite so-called *substance'; A's changes of wealth will show 
some correlation with those of B, if both possess some shares in 
the same stock. Or, on the other hand, the community may derive 
from a more complicated interaction of forces; thus, the weather - 
is supposed to correlate with the state of the spots on the sun. 
But this distinction is superficial even in physical matters; —— 
thingness may well be an indispensable crutch for popular. 
thought, and indeed in metaphysics becomes a serious enough — 
topic, but it has no place in strict natural science and still less _ 
in psychology, where fast limit has never been securely traceable 
between thing, qualities, and conditions. Y 

But the same simple mathematical formulae which have - 
brought us so far will take us yet farther. As from several sets of 
inaccurate measurements it has been found possible to arrive - 
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at the accurate correlation of the two real Series, so now in a 
Similar manner from any number of real series we can proceed 
on to dealing exclusively and precisely with any element that may 
be found common to these series; from ascertaining the inter- 
correlations of,say, auditory discrimination, visual discrimination, 
the capacity for learning Greek, and that for playing the piano, 
we can arrive at estimating the correspondence of whatever 
may be common to the first pair of faculties with whatever may 
be common to the second pair. By combining such correlations 
of higher order, it is feasibl 
elimination and selection, that eventually a dissociation and exact- 
ness may be introduced into psychology such as can only be com- 
pared with quantitative chemical analysis; even in the present 
work, it is hoped to obtain results of sufficient fineness to be in- 
dependent of local conditions of experiment, and therefore to be 
precisely verifiable by any other workers. All the time, the rela- 
retain their impartial objective 
may learn the distribution of. 


Curiously, this more 
case be settled with mu 


$ Asci ; the amount of Observational error 
will be quantitatively reveale 


grading and another. 
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MANTO 
(a) The village school. Here our calculation is as follows. The | 
average of the nine correlations between the Intelligences and the 
Discriminations comes, as we have seen, to 0:38;! the two kinds — 
of intellective gradings correlate with one another by an average. 
of 0-55; and the three gradings in Discrimination do so by 0-25.* 
Therefore by the theoretical formula the true correlation between 
General Intelligence and General Discrimination comes to 
035. eal 019 
V x 0:25 

Checking this by the second or empirical method, we find that 
on taking an amalgamation of the three intellective gradings with 
an amalgamation of the three gradings in Discrimination, the 
correlation rises to 0-66. Therefore the true correlation between 
General Intelligence and General Discrimination comes in this” 
way to 

V3 x 0:66 — 0:38 

Lsa- 1o 


This again may be further checked by taking our amalgamation al 
two instead of three lists at a time; in this way we get nine different. 
correlations which present an average of 0:55, so that our re- 
quired result now becomes 0:96.? Therefore an average again — 
gives us as nearly as possible 1-00. 

Thus we arrive at the remarkable result that the common and | 
essential element in the Intelligences wholly coincides with the 
common and essential element in the Sensory Functions. 

(b) The high class school. Here also, the children were tested in — 
the three senses, but unfortunately, as we have seen, the results . 
for Light and Weight are not seriously usable,* so that we no 
longer have sufficient material for constructing a ‘General’ 
Discrimination. 

This default, however, has been made good by what appears 
to be a very happy substitute. Our main correlations have dealt 
with reagents all undergoing musical instruction, and I have kindly — 


1. These correlations are here taken as actual measurements, and there- 
fore are obviously required raw, not corrected; the correction then issues — 
from their joint product according to the formula. - 

2. This value is precisely the same as that found for adults. 

3, ¥2 x 0:55 — 038 _ 9.96, 

v2—1 

4. As far as they go, they indicate results entirely similar to those above. 
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been furnished with a complete order of their relative abilities 
in this department. Musical talent has always been recognized 
as being not so much an intellective as a sensory function; whole 
nations appear almost devoid of it, without therefore showing 
themselves any less intelligent; lunatic asylums, on the contrary, 
often contain a surprising share of the faculty. We will, then, 
take this as our second sensory function, will note whether it 
presents any community with Discrimination of Pitch, and if so 
will compare this common element with that obtaining between 
the intellective functions. As regards the first point, it may be 
noted that hitherto very conflicting opinions have been stoutly 
maintained; the great majority of writers have held Musical 
Talent and Pitch Discrimination to be very intimately connected 
and even go so far as to directly term the discriminative power 
‘musical sensitiveness’; while a few, but including perhaps the 
ablest judges, flatly deny any such correspondence whatever. 
The actual facts would at first sight seem to lie wholly on the side 
of the former tenet, seeing that the correlation works out to the 
substantial amount of 0-40 (or about 0:63, when corrected for 
errors). Next, these two auditory functions correlate with the 
Intelligences by 0:57 and 0:55 respectively, and the latter corre- 
late with one another to the amount of 0-71. Thus the relation 


between the element common to the two former and that common 
to the four latter will by given by 


0-56 
DC ——á 
V0-40 x 0-71 I4. 


V8 x 072 — 0.56 
UNO (95; 
VE] 0:96 


nsory activities also wholly coincides 
intelligences, 


1. If this small difference of value between the th i irical 

n ; h eoretical and empirica: 

results can be minutely investigated, it can be clearly dA SES im penus 

attributable to mere chance, as indeed might well be expected from its 
small dimensions. 
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Before passing, it may be remarked that thus afterallthose were — 
virtually in the right who maintained Musicality and Pitch — 
Discrimination to have no correspondence with one another; for 
though a correspondence does really exist, yet it is not to the 
Smallest degree of the specific character contemplated by those 
who talk of ‘musical sensitivity’. It must here also be noted that 
this surprising intellectuality of musical talent by no means 
annihilates the many well-evidenced phenomena seeming to indi- 
cate to the contrary; one fact cannot destroy another, and any 
apparent conflict merely proves our imperfect acquaintance with 
their true nature. . 


(c) Practical verification of the argument. The conclusion above | 
arrived at is so important and the method of argument is so new, . — 
that I have endeavored to reproduce analogous circumstances 
artificially, so that any one may easily test any portion of the 
reasoning. 

The main argument was repeated as follows. A target was con- 
Structed of a great many horizontal bands, numbered from top to 
bottom. Then a man shot successively at a particular series 0: 
numbers in a particular order; clearly, the better the shot, the 
less numerical difference between any number hit and that aimed 
at; now, just as the measurement of any object is termed a ‘shot 
at its real value, so, conversely, we may perfectly well consider 
the series of numbers actually hit in the light ofa series of measure- 
ments of the numbers aimed at. When the same man fired again — | 
at the same series, he thereby obtained a new and independent 
Series of measurements of the same set of objects. Next, a woman 
had the same number of shots at some set numbers in a similar 
manner, If, then, our above reasoning and formulae are correct, 
it should be possible, by observing the numbers hit and working 
out their correlations, to ascertain the exact resemblance between | 
the series aimed at by the man and woman respectively. In actual — 
fact, the sets of numbers hit by the man turned out to correlate — 
With those hit by the woman to the extent of 0:52; but it was noted — 
that the man's sets correlated with one another to 0:74, and the 
Woman's sets with one another to 0:36; thence the true corres- 
pondence between the set aimed at by the man and that aimedat by 
the woman was not the raw 0:52, but 


'" 0:52 : 
— 922 = 1-00; 
V074 x 0:36 


'1. Provided, of course, that there be no appreciable constant error. 
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that is to say, the two persons had fired at exactly the same series 
of bands, which was really the case. 1 repeated this experiment, 
testing three times by the first or theoretical formula and four 
times by the empirical one; by both methods the average came to 
just upon 1-00, with a mean variation above and below of pre- 

cisely similar dimensions to those in our instances of Discrimina- 
. tion and Intelligence. Thus the experimental justification of our 


method of argumentation was as complete as could well be 
desired. 


(d) Lo. whole, then, we reach the profoundly 
important conclusion that there really exists a something that 
we may provisionally term ‘General Sensory Discrimination’ and 

| similarly a ‘General Intelligence’, and further that the functional — 


correspondence between these two is not appreciably less than 
absolute. 


Besides its intrinsic v. 
enormous advanta 
of being independ 
tod 


alue, such a general theorem has the 


twelve pairs of such groups 


he average value to be pre- 
places with a mean deviation 


1. Where rpg = the mean of the Correlations between the members of the 


one group p with the members of the other group 4; 
‘pp = the mean of the inter-correlations of the members of the 
group p among themselves, 
Tag = the same as regards group g. 
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as so many independently obtained estimates of the one great 
common Intellective Function. 

Though the range of this central Function appears so universal 
and that of the specific functions so vanishingly minute, the 
latter must not be supposed to be altogether non-existent. We 
can always come upon them eventually, if we sufficiently narrow 
our field of view and consider branches of activity closely enough 
resembling one another. When, for instance, in this same prepara- 
tory school we take on the one side Latin translation with Latin 
grammar and on the other side’ French Prose with French 
dictation, then our formula gives us a new result; for the two. 
Latin studies correlate with the French ones by an average of 
0:59, while the former correlate together by 0:66 and the latter 
by 0-71; so that the element common to the Latin correlates with 
the element common to the French by 


059 e G š 
^/0:66 x 0-71 

That is to say, the two common elements by no means coincide 
completely this time, but only to the extent of 0:86? or 74%; so 
that in the remaining 26%, each pair must possess à community 
purely specific and unshared by the other pair. À 

We therefore bring our general theorem to the following form. — 
Whenever branches of intellectual activity are at all dissimilar, 
then their correlations with one another appear wholly due to their — 
being all variously saturated with some common fundamental * 
Function (or group of Functions). This law of the Universal Unity 
of the Intellective Function is both theoretically and practically 
so momentous, that it must acquire a much vaster corroborative 
basis before we can accept it even as a general principle and apart 
from its inevitable eventual corrections and limitations. Discus- - 
sion of the subjective nature of this great central Function has been. 
excluded from the scope of the present work. But clearly, if it be - 
mental at all, it must inevitably become one of the foundation — 
pillars of any psychological system claiming to accord wit 
actual fact — and the majority of prevalent theories may have a 
difficulty in reckoning with it. 

Of its objective relations, the principal is its unique univer- - 


E 
ý 
1. The influence of an element is measured by the square of its correla- 
tional value. See “The Association between Two Things’. 3 
2. Of course this specific community is further resolvable into natural 

talent and favoring circumstances of which factors the latter may often = 
be paramount. i 

s 
1 


4 


‘GENERAL INTELLIGENCE’ 


sality, seeing that it reappears always the same in all the divers 
- forms of intellectual activity tested; whereas the specific factor 
= seems in every instance new and wholly different from that in 
all others. As regards amount, next, there seems to be an im- 
. mense diversity; already in the present examples, the central 
_ factor varies from less than 1 to over fifteen times the size of the 
: accompanying specific one. But all cases appear equally sus- 
- ceptible of positive and accurate measurement; thus we are be- 
coming able to give a precise arithmetical limitation to the 
famous assertion that *at bottom, the Great Man is ever the same 
_ kind of thing’. 

Finally, there is the exceedingly significant fact that this central 
— Function, whatever it may be, is hardly anywhere more prominent 
han in the simple act of discriminating two nearly identical tones; 
here we find a correlation exceeding 0-90, indicating the central 
. Function to be more than four times larger than all the other 
influences upon individual differentiation. Not only the psychical 
content but also the external relations of Sensory Discrimination 
. Offer a most valuable simplicity; for it is a single montonous act, 
almost independent of age, previous general education, memory, 
industry, and many other factors that inextricably complicate 
the other functions. Moreover, the specific element can to a great 
. extent be readily eliminated by varying and combining the kind of 
* test. For these reasons, Discrimination has unrivalled advantages 

for investigating and diagnosing the central Function. 
The Theorem of Intellective Unity leads us to consider a 
corollary proceeding from it logically, testing it critically, and at 
once indicating some of its important practical uses. This corol- 


lary may be termed that of the Hierarchy of the Specific 
Intelligences, * 


For if we consider t 
_ branches of school stud: 
observed. English and 


he correspondences between the four 


constant Hierarchy in the 
English, and Mathematics. 
especially astonishing when we regard the minuteness of the 


variations involved, for the four branches have average corre- 
lations of 0-77, 0-72, 0-70, and 0-67 respectively. 


When in the same experimental series we turn to the Discrimin; 
tion of Pitch, we find its correlations to be of slightly less magn: 
tude (raw) but in precisely the same relative rank, being: 066 
with Classics, 0-65 with French, 0:54 with English, and 0-45 with | 
Mathematics. Even in the crude correlations furnished by the 
whole school without excluding the non-musicians, exactly the 
same order is repeated, though with the general diminution caused 3 
by the impurity: Classics 0-60, French 0:56, English 0:45, and. zA 
Mathematics 0:39. 

Just the same principle governs even Musical Talent, a faculty 
that is usually set up on a pedestal entirely apart. For it is not 
only correlated with all the other functions, but once again in - 
precisely the same order: with Classics 0-63, with French 0:57, 
with English 0-51, with Mathematics 0-51, and with Discrimina- 
tion 0-40. Ability for music corresponds substantially with 
Discrimination of tones, but nevertheless not so much as it does — 
with algebra, irregular verbs, etc.’ "T 

The actual degree of uniformity in this Hierarchy can be most 
conveniently and summarily judged from the following table of | 
correlation; the values given are those actually observed (theo- - 


Classics French English Mathem. — Discrim. Music 


Classics 0:87 0:83 0-78 0:70 0:66 0:63 
French 083 084 — 067 0:67 0-65 0:57 
English 0-78 0-67 0-89 0-64 0:54 0-51 
Mathem. 0-70 0:67 0:64 0:88 0:45 0:51 
Discrim. 0:66 0-65 0:54 0:45 0:40 
Music 0:63 0:57 0:51 0:51 0:40 


1. Of course, notable instances will easily be found where musical 
ability is apparently divorced from General Intelligence; in this very 
school, for example, the best musician is far from standing high intellectuall 
But not even the most extreme cases necessarily contravene the above ru 
A correlation does not state any absolute coincidence between two faculties, 

neasured tendency in this direction; so far. 
d even estimates their 
exact probability. If we may assume 
mately hold good and may abstract from further influences, 
Proportion of persons with any given amount of musical talent who will - 
attain to any given degree of stupidity (or vice versa) x 


where fis a measure of the correlation between Musicality and Intelligence - 
and a — the given inferiority in the latter faculty. 
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‘retical correction would modify the relative order, but in no 
= degree affect the amount of Hierarchy or otherwise). Each number 
= shows the correlation between the faculty vertically above and 
that horizontally to the left; except in the oblique line italicized, 
the value always becomes smaller as the eye travels either to the 
right or downwards. 

Altogether, we have a uniformity that is very nearly perfect 
and far surpasses the conceivable limits of chance coincidence. 
When we consider that the probable error varies between about 
0:01 for the ordinary studies to about 0-03 for music, it is only 
surprising that the deviations are not greater. The general 
Hierarchy becomes even more striking when compared with the 
oblique line, which is no measure of the central Function and 
where consequently the gradation abruptly and entirely vanishes.* 

The above correlations are raw, and therefore do not tell us 
either the true rank of the respective activities or the full absolute 
saturation of each with General Intelligence. For the former 
purpose we must eliminate the observational errors, and for the 
latter our result must further be squared. Thus we get: 


c -—— —————— Mt 
Ratio of the 
Correlation with common factor to 


Activity Gen. Intell. — the specific factor 
Classics 0-99 99 to 1 
Common Sense 0:98 96 4 
Pitch Dis. 0:94 89 11 
French 0-92 84 16 
Cleverness ? 0:90 81 19 
English 0:90 81 19 
Mathematics * 0:86 74 26 
Pitch Dis. among the uncultured 5 0-72 52 48 
Music - 0:70 49 51 
Light Dis,’ 0:57 32 68 
Weight Dis.* 0:44 19 81 


1. The only other data of this kind with which I am acquainted are 
some comparisons made between the different branches of study at the 
Columbia University. The correlations here obtained, which were through- 
out somewhat smaller than the above, manifest only a limited concordance 
with our above principle of Hierarchy. But a university is clearly not the 
place in which to look for natural correspondence between functions; 
at that time of life, strong ties of a wholly artificial sort have intervened; 
each student singles out for himself that particular group of studies tending 
. to his main purpose and devotes to them the most judicious amounts of 
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It is clear how much the amount of any observable raw correla- 
tion depends upon the two very different influences: first, there 
is the above intellective saturation, or extent to which the con- 
sidered faculty is functionally identical with General Intelligence; 
and secondly, there is the accuracy with which we have estimated 
the faculty. As regards the ordinary school studies, this accuracy 
is indicated by the oblique italicized line, and therefore appears - 
about equal in all cases (not in the least following the direction 
of the Hierarchy); but in other cases there is a large divergence 
on this head, which leads to important practical consequences. 
Mathematics, for example, has a saturation of 74 and Common 
Sense has one of about 96; but in actual use the worth of these 
indications becomes reversed, so that a subjective impression as 
to a child's ‘brightness’ is a less reliable sign than the latter's 
rank in the arithmetic class; almost as good as either appears a 
few minutes’ test with a monochord. " 

In the above Hierarchy one of the most noticeable features 1S 
the high position of languages; to myself, at any rate, it was no 
small surprise to find Classics and even French placed unequivoc- 
ally above English (note that this term does not refer to any study 
of the native tongue, but merely to the aggregate of all the lessons 
conducted therein, such as History, Geography, Dictation, 
Scripture, and Repetition). i 

However, it may be with these or any other special facts, here 
would seem to lie the long wanted general rational basis for public 
examinations. Instead of continuing ineffectively to protest that 
high marks in Greek syntax are no test as to the capacity of men 
to command troops or to administer provinces, we shall at last 
actually determine the precise accuracy of the various means of 
measuring General Intelligence, and then we shall in an equally 
Positive objective manner ascertain the exact relative importance 


relative energy. To determine natural correlations, we must go to where the 
pupils meet each other in every department on relatively equal terms. 

2. See previous note. 

3. Here so termed for brevity; really that quality is meant which causes 
a person to be regarded by his teachers as ‘clever’. 

4. The opposite and more usual view, namely, that mathematics form 
an entirely independent faculty, will be found expounded in 331 pages | 
‘Ueber die Anlage zur Mathematik’ by the well-known psychiatrist, 
Mobius. Similar evidence is brought by him to the effect that this talent is 
proportional to the development of the upper outer orbit of the eye, es- 
specially the left. 

5. As has been before mentioned, the rank of these three faculties 
remains ambiguous until their observational errors have been ascertained. 
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of this General Intelligence as compared with other characteris- 
tics desirable for the particular post which the candidate is to 
assume (such as any required Specific Intelligences, also Instruc- 
_ tion, Force of Will, Physical Constitution, Honesty, Zeal, etc.; 
though some of these factors cannot easily be estimated separately, 
there is no insuperable obstacle to weighing their total influence 

as compared with General Intelligence). Thus, it is to be hoped, 
_ we shall eventually reach our pedagogical conclusions, not by easy 
subjective theories, nor by the insignificant range of personal 
experiences, nor yet by some catchpenny exceptional cases, but 
rather by an adequately representative array of established 
Bfacts. [s] 

To conclude, the following is a brief summary of the principal 

. conclusions indicated by the foregoing experiments: 
I. The results hitherto obtained in respect of psychic correlation 
. would, if true, be almost fatal to experimental psychology as a 
profitable branch of science. But none of these results, as at 
present standing, can be considered to possess any value other 
. than suggestive only; this fact is not so much due to individual 
Shortcomings of the investigators, as to the general non-existence 
. of any adequate system of investigation. 

I. On making good this methodological deficiency, there is 
found to actually occur a correspondence - continually varying 
in size according to the experimental conditions — between all 
the forms of Sensory Discrimination and the more complicated 
Intellectual Activities of practical life. 

Ill. By this same new system of methodics, there is also shown 
to exist a correspondence between what may provisionally be 
called ‘General Discrimination’ and "General Intelligence 
which works out with great approximation! to one or absoluteness- 
Unlike the result quoted in the preceding paragraph, this phe- 
nomenon appears independent of the particular experimental 
circumstances; it has nothing to do with the procedure selected for 
testing either Discrimination or Intelligence, nor with the true 
representativeness of the values obtained by these tests, nor even 
with the homogeneousness of the experimental reagents; if the 
thesis be correct, its proof should be reproducible in all times, 
places, and manners- on the sole condition of adequate 
methodics. 

IV. The above and other analogous observed facts indicate 
that all branches of intellectual activity have in common one 
fundamental function (or group of. functions), whereas the remain- 
1. In the present experiments, as far as the second decimal place. 


ing or specific elements of the activity seem in every case to be 
wholly different from that in all the others. The relative influence 
of the general to the specific function varies in the ten departments 
here investigated from 15:1 to 1:4. ‘ 

V. As an important practical consequence of this universal 
Unity of the Intellectual Function, the various actual forms of 
mental activity constitute a stably interconnected Hierarchy - 
according to their different degrees of intellective saturation. - 
Hence, the value of any method of examination as to intellectual 
fitness for any given post is capable of being precisely ascertained; 
Since it depends upon: 


(a) the accuracy with which it can be conducted; 

(b) the hierarchical intellective rank of the test; 

(c) the hierarchical intellective rank of the duties involved 
in the post. 


Methods have been given whereby all these three points can be 
sufficiently ascertained. E 

VI. Discussion as to the psychical nature of this fundamental - 
Function has been reserved until a more complete acquaintance - 
has been gained concerning its objective relations. Among the |. 
latter, the principal and determining one is its unique position as 
indicated in paragraph IV. The chief further evidence is to the 
following effect: 

The Function appears to become fully developed in children 
by about their ninth year, and possibly even much earlier. From 
this moment, there normally occurs no further change even into | 
extreme old age. 

In adult life, there would seem no appreciable difference. 
between the two sexes. 

The Function almost entirely controls the relative position of 
children at school (after making due allowance for difference of 
age), and is nine parts out of ten responsible for success in such a 
simple act as Discrimination of Pitch. 

Its relation to the intellectual activity does not appear to be. 
ofany loosely connected or auxiliary character (such as willingness - 
to make an effort, readiness in adaptation to unfamiliar tests, — 
or dexterity in the fashion of executing them), but rather to be - 
intimately bound up in the very essence of the process. P 
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. The Doctrine of Two Factors 


_ Excerpts from C. Spearman, The abilities of man, Macmillan, 1927, 
chapter 6. 


Criterion of ‘tetrad differences’. The start of the whole inquiry 
was a curious observation made in the correlations calculated 
. between the measurements of different abilities (scores for tests, 
marks for school subjects, or estimates made on general im- 
pression). These correlations were noticed to tend towards a 
peculiar arrangement, which could be expressed in a definite 
thematical formula. And the formula thus originally reached 
as ever since been maintained without any essential change. 
nly from time to time, for convenience, it has been converted 
'om one form to some other that is mathematically equivalent. 
_ The form recently preferred is given below. In it, as usual, 
€ letter r stands for any correlation, whilst its two sub-scripts 


indicate the two abilities (tests, school marks, etc.) that are 
correlated. 


ma 


Fap X Foa — Faq X Fop = 0 


This formula has been termed the tetrad equation and the value 
constituting the left side of it is the tetrad difference. 


An illustration may be afforded by the following imaginary 


correlations between mental tests (actually observed correlations 
ill be given in abundance later on): 


Oppo- Com- Discrim- Cancel- 
sites pletion Memory ination lation 


Opposites 1 
Completion 2 080 0-48 0:24 0:24 
Memory 3 0-60 

4 

5 


0-80 0-60 0:30 0-30 


0-48 0-18 0-18 
030 024 0-18 0:09 
030 024 0418 0-09 


Discrimination 
. Cancellation 


1. It will be remembered that the Correlation between any two things 
is measured by a number or ‘coefficient’, which ranges in value from 1 
. down to 0, according as the correlation varies from perfect dependence — 
down to perfect independence. For inverse correlations, the coefficients take __ 
similar but minus values. 


E 


For instance, let us try the effect of making: 


a denote Opposites. 

b , Discrimination. 
„ Completion. 

q »„» Cancellation. 


From the table of correlations above, we see that rap will mean 
the correlation between Opposites and Completion, which is . 
0-80. Obtaining in a similar fashion the other three correlations 
needed, the whole tetrad equation becomes — 


0:80 x 0:09 — 0:30 x 024 — 0 


which is obviously correct. And so will be found any other 
application whatever of the tetrad equation to this table. " 


The two factors. So far, the business is confined to matters of 
observation; we simply try out the tetrad equation on any table | 
of actually observed correlations and examine whether it fits. - 
The next step, however, is not observational, but purely mathe- - 
matical; we have to ask how, if at all, this equation between - 
the correlations bears upon the individual measurements of the 
correlated abilities. The answer is that there has been shown to 
exist a very remarkable bearing indeed. It is to the effect that, - 
whenever the tetrad equation holds throughout any table of © 
correlations, and only when it does so, then every individual — 
measurement of every ability (or of any other variable that enters — 
into the table) can be divided into two independent parts which |. 
possess the following momentous properties. The one part has 
been called the ‘general factor’ and denoted by the letter g; itis 
so named because, although varying freely from individual to 
individual, it remains the same for any one individual in respect 
of all the correlated abilities. The second part has been called the 
‘specific factor" and denoted by the letter s. It not only varies. 
from individual to individual, but even for any one individual 
from each ability to another. The proof of this all-important — 
mathematical theorem has gradually evolved through successive - 
stages of completeness, and may now be regarded as complete.* 

1. The theorem is quite general; its application is not in the least re- 
stricted to psychology. Its proof is given in the appendix [not reproduced _ 
here], pp. ii-vi. The precise mathematical expression of the divisibility into — 
two parts is afforded by the following equation: ` 

Maz = Tag - & + Tas + Saze 
Here, max is the measurement or other value obtained for any individual 
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Although, however, both of these factors occur in every 
ability, they need not be equally influential in all. On the con- 
trary, the very earliest application of this mathematical theorem 
to psychological correlations showed that there the g has a much 
greater relative influence of * weight" in some of the abilities tested 
than in others. Means were even found of measuring this relative 
weight. At one extreme lay the talent for classics, where the ratio 
of the influence of g to that of s was rated to be as much as 15 to 
1. At the other extreme was the talent for music, where the ratio 
was only 1 to 4.1 
Here at once we have before us the essence of the whole 
doctrine, the seedling from which all else has sprung. But notice 
must be taken that this general factor g, like all measurements 
anywhere, is primarily not any concrete thing but only a value or 

. magnitude. Further, that which this magnitude measures has not 
been defined by declaring what it is like, but only by pointing out 

. where it can be found. It consists in just that constituent — what- 

ever it may be - which is common to all the abilities inter-connec- 
ted by the tetrad equation. This way of indicating what g means is 
just as definite as when one indicates a card by staking on the 

. back of it without looking at its face. 

_ Such a defining of g by site rather than by nature is just what 
‘was meant originally when its determination was said to be 
only *objective'.* Eventually, we may or may not find reason to 
conclude that g measures something that can appropriately be 
called ‘intelligence’. Such a conclusion, however, would still 

. never be the definition of g, but only a ‘statement about’ it. 


| Suggested universality of g. The vital problem, in respect of 
empirical observation, is as to how far and how regularly our 
tetrad equation actually holds good. In the original work, an 

extremely wide generalization was adventured. The suggestion 
was made that 


all branches of intellectual activity have in common one fundamental 
function (or group of functions), whereas the remaining or specific 


elements seem in every case to be wholly different from that in all the 
others.? 


^ xin the variable a; gz is the individual's amount of g, the factor common 
to all the variables; and saz is the individual's amount of sa, the factor 
specific to the variable a. See appendix [not reproduced here], p. xiv. 
1. Present writer, Amer. J. Psych., 1904, xv, p. 202. 


| 


2. Present writer, Amer. J. Psych., 1904, xv, p. 202. 3. Ibidem. 
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Here, then, lies the justification for attributing so much im- 
portance to g, despite its purely formal character. The view is 
put forward that this g, far from being confined to some small set 
of abilities whose inter-correlations have actually been measured — — 
and drawn up in some particular table, may enter into all 
abilities whatsoever. V 

Such a universal law could only be advanced very tentatively. 
The express caution was added that 


it must acquire a much vaster corroborative basis before we can accept 
it even as a general principle and apart from its inevitable corrections 
and limitations. 


This caution was the more imperative, seeing that the law not 
only had such a tremendous scope, but moreover came intosharp _ 
conflict with the most authoritative psychology then prevailing, 
the latter being at that time wedded to the doctrine of inde- 


pendence.! ir 


Utility of the doctrine in practical testing. The preceding doctrine 
— as we shall see later — admits of usage throughout almost every 
kind and description of problem within the whole domain of 
individual differences of ability. For the present, however, we will 
only allude to two of the most obvious of these applications. 

The one consists in the power conferred of measuring any in- 
dividual in a genuine manner (instead of giving a pseudo-average 
or level). We can determine the magnitude of his g, which will tell 
us nearly everything about some of his abilities and something 
about nearly all of them. And then we can do the same as regards 
any of his ss, one for each distinct kind of performance: this 
supplements and completes the information supplied by his g. 

The other immediate application of the doctrine is in the con- 
struction of mental tests. We are enabled to ascertain just the 
degree of accuracy with which any given test, or series of them, 
will measure either a person's g or any of his ss. Further, we learn 
how this degree of accuracy may be raised to its maximum. 

We can already see, too, that some crude approach towards 
measuring g can be obtained by the seemingly unscientific course 
of throwing very miscellaneous tests into a common hotchpot. So 
doing does not indeed supply an average, or even a representative 


1. Partridge, for instance, wrote about that time as follows: ‘If now 
Spearman's method be valid there is decided correlation among mental 
abilities, and the conclusions of many, especially among American inyesti- 
gators, are wrong.’ Outline of Individual Study, 1909, p. 34. 
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sample, of the person's abilities; anything of the sort seems 

= to be for ever precluded by the impossibility of fulfilling the - 
; necessary postulates. What the pooling does effect is to make the 

influences of the many specific factors more or less neutralize 

each other, so that the eventual result will tend to become an 

approximate measure of g alone.! 


Discrepancies between Theory and Observation 

. Effect of sampling errors. Although we have above suggested 
that the range of g as indicated by the tetrad equation is really — — 
universal, this must not be taken to mean that the said equation — — 
is under all conditions well satisfied. To expect this would be as [ 
. absurd as to infer from the law of conservation of energy that the ——— 
distance a man can walk is always proportional to the amount of. | 


———— go 


food he eats. The manifestations of all such laws, whether mental 
or physical, are bound to be more or less intermingled with, and — 
modified by, further influences. For such influences, then, all due — | 
allowance must be made. In order to verify the law of Two 
Factors, actual experiment should not satisfy the equation — 
. exactly, but instead should present exactly the right departure — — 
. from it. If a marksman wishes to hit the bullseye he does not aim — 
plump at it but more or less to one side, according to the direction — 
and strength of the wind. - 
Now, all such inevitable complications of the theorem will be 
treated in detail later on. But about two of them — to obviate 
gross misapprehensions — a few words may be said forthwith. 
. One such complication derives from the ‘errors of sampling". 
_ In any actual investigation only a limited number of individuals- — 
ranging generally from 50 to 1,000 — can actually be measured; 
these have to be accepted as a representative sample of the entire 
class of persons under consideration. But between the correla- 
tion found for any such mere sample and that truly holding for 
the entire class, there must naturally be expected some random 
discrepancy. The general size of this for any single correlation 
has long been ascertained; about half of the discrepancies will be — 
greater and about half less than a calculable value called the 
‘probable error’ of the correlation. Every table or correlation 
must, then, be looked upon as consisting of the true values 
peppered over with, and more or less disguised by, random 
positive or negative additions; the general size of these, however 
will bear a predictable relation to that of the said ‘probable 
error’. 


1. Present writer, Amer. J. Psych., 1904, xv, p. 274. 
E 
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- Such disturbances of the correlations cannot but exercise some 
effect upon our ‘tetrad differences’, since the latter are constructed 
out of the former. Consequently, if the true value of the tetrad 
differences is always zero as shown in the tetrad equation, then 
the actually manifested values ought not to be always zero, but 
instead should present some deviations from this. We need to 
ascertain how large these deviations should tend to be. ` 
To discover this - or more broadly speaking, to make allow- 
ances for the disturbance of the correlations by their errors of 
sampling — has been the greatest trouble in the whole development 
of the doctrine. In the earlier investigations, the degree of allow- — 
ance was left for anybody to estimate as high or as low as he 
pleased. Such a procedure, of course, is unscientific and mis- 
leading. Later on, the artifice was devised of replacing the tetrad 
equation by another criterion, which would at any rate be approxi- 
mately correct and which did admit of calculating the allowance 
to be made for the errors of sampling. This substitute criterion 
was called that of ‘inter-columnar correlation’. Quite recently, 
however, this long-standing grave defect in the doctrine has at 
last been overcome. Means have been discovered for evaluating 
the effect of the disturbance in the case of the true criterion, the 
tetrad equation itself. Knowing (as we always do) the probable 
errors of the four correlations that enter into the tetrad difference 
we can now deduce from these the probable error of the tetrad 
difference as a whole. 


Overlap between specific factors. As mentioned, there is another 
Conspicuous limitation to the doctrine we are considering. Ob- 
viously, the specific factors for any two performances can only be 
indi indent of each other when these performances are quite - 
di ‘ . When, on the contrary, two performances are much alike 
their respective specific factors will necessarily cease to be mutually 
independent. 

. For example, take as one test the cancellation of all the a’s 
m a printed page, and as another test the cancellation of all the 
€'s. These two performances, being so extremely alike, may natur- — 
ally be expected not only to have the g factor in common, but 
also to present a large overlap in respect of the s factor. The case 
may be symbolized in the following figure, where the vertical 
Shading (top left and the bottom circles) stand for the s and the g 
in cancelling a’s, whilst the horizontal shading (top right and the 
bottom circles) stand for the sand g in cancelling e’s. 
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Whenever such cases are introduced, then our tetrad equation 
must in general cease to be valid. 

But where, it may be asked, shall the line be drawn between 
those performances which are and those which are not 'quite 
different". The answer must be that this is not a point to settle 
intuitively, but to ascertain by experiment. Performances should 
be regarded as quite different — in the present signification of this 
phrase — so long as the tetrad equation is satisfied and no longer. 
To give some notion, however, of how this rule pans out in actual 
practice, it may at once be said that the most striking instance of 
such an overlap was afforded by just these two tests that both 
consist of cancelling letters and only differ as to which letter 
should be cancelled. Another instance of likeness found to pro- 
duce marked overlap was that between counting dots one at à 
time and doing so three at a time.! A somewhat different instance 
was found in school subjects; the correlation between marks for 
Latin Grammar and those for Latin Translation proved far too 
large to fit into our tetrad equation. , 

Evidently, such overlaps are akin to the *common elements 
which have been taken by Thorndike, Judd, Sleight, and others to 
account for'any ‘formal training’ that may exist. But our over 
laps might also derive, it was found, from various more or less 
accidental circumstances. Thus, some of the children had bee? 
learning Latin for a longer period than the others, and therefore 
naturally enough tended to excel at both the Grammar and the 
Translation. By this fact, of course, the correlation between the 


1. Krueger and Spearman, Zeit. f. Psychol., 1906, p. 102. 
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two abilities must have been increased beyond the amount due - 
to g alone. 

In general, the early investigations indicated that the cases of 
appreciable overlap are surprisingly scarce: that is to say, it. 
appeared only to link together abilities that were allied very - 
Obviously. But already at this early period an exception was 
announced. It consisted in the overlap found between the memo- 
rizing of syllables and that of numbers. This observation was said 


to indicate the possibility of a rather extensive group of performances 
being so nearly related, that they might be gathered together as a more - 
or less unitary ability under the concept of ‘memorization’. * 


And the point was again emphasized in 1912.° Herewith, then, 
was actually encountered something at least akin to the formal 
faculties or the types. e. 

After this discovery, such broad factors capable of embracing © 
very extensive ranges of ability were placed in the forefront of - 
enquiry. There has been a steady stream of investigations in our 
laboratory devoted to ascertaining whether various notable 
Characters of ability do or do not act as specific factors of broad 
extent. 

Overlapping specific factors have since often been spoken of 
as "group factors’. They may be defined as those which occur in 
more than one but less than all of any given set of abilities. Thus, 
they indicate no particular characters in any of the abilities 
themselves, but only some kinship between those which happen 
to be taken together in a set. Any element whatever in the specific — 
factor of an ability will be turned into a group factor, if this 
ability is included in the same set with some other ability which 
aeaea this element. The most that can be said is that some 
elements have a broader range than others, and therefore are more 


likely to play the part of group factors. 


"1 


Comparison with Rival Doctrines 2 
Controversy. The welcome so far accorded to such portions of the I 
preceding doctrine as have been hitherto published show certain 
divergencies of opinion. Most writers appear to have been 
favourable. For instance, no less pre-eminent an authority than 
W. Stern has said that the general factor ‘is one of the most 


1. Krueger and Spearman, Zeit. f. Psychol., 1906, p. 103. 
2. Hart and Spearman, Brit. J. Psych., 1912, p. 75. 
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certain results of investigation hitherto’! A few psychologists, 
however, have raised some opposition. But they have done so 
upon contradictory grounds! The one party has devoted itself 
to demonstrating that such a ‘hierarchical’ arrangement as is 
shown on p. 58 does not actually occur. Whereas the other party 
urges that it must necessarily occur by mere ‘chance’, and there- 
fore has no scientific significance. : 

But both these parties, unfortunately, seem to have mis- 
understood the doctrine against which they were contending. And 
indeed it has been published in such a fragmentary manner as 
made it peculiarly liable to erroneous interpretation. Still, we 
must here emphatically state that it has never from the very 
beginning undergone any substantial change whatever: only à 
continual development of more detail ; in particular, an unceasing 
increase of exactitude and cogency. 

For the present, the only controversial remarks that appear 
needed are the following. As regards the reported cases of the 
‘hierarchical’ arrangement not occurring, these cases will be con- 
sidered in chapter x [not reproduced here], and will be found 
really quite harmonious with all the other evidence, And as 
regards the opposite view which holds that the hierarchy must 
needs occur by mere ‘chance’, this — even if it were to be accepted 
— could by no possibility enter into conflict with the doctrine 
given above. The foregoing equations would not be altered by à 
hair's breadth; nor even would any of the accompanying com- 
ments require so much as a change of emphasis. The utmost that 
could ensue would be to indicate that the g may somehow be the 
product of numerous elements distributed in a ‘chance’ manner. 


jm Die Intelligenz d. Kinder u. d. Jugendlichen, 1922, p. 9. V 
A claim can now be made even for the important support of William 


Brown, despite his earlier more conservative attitude. For the latest pub- 
lication of his views treats the matter as follows: 


‘He (Brown) was inclined to favour the view that there was such 4 


thing as general ability with sub-factors. . . . Prof. Thomson said that the 
hierarchy was due to chance, but witness was not convinced that thi i 
view was right.’ 


Ito of Evidence laid before a Committee of the British Board of Education: 


Indeed, even McCall, who has sometimes been quoted as an opponent 
would scem really to be the reverse. He writes: ich 
‘There is an objectively and practically measurable something, whic? 
constitutes the core of most aptitudes. It is overlaid with various inet 


dental abilities, and furthered or retarded by emotional or physica 
characteristics of the individual.’ 


3 (How to Measure in Education, 1922.) Call this ‘something’ '£^ and 
; you have the kernel of the doctrine put forward in the present chapter 
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This, no doubt, is a view as to the nature of g which deserves due 
consideration. 


Eclectic nature of view advocated here. The experimental facts 
quoted in the present chapter have aimed rather at illustration 
than at cogent evidence. But if we provisionally accept these 
experiments as conclusive, the inference follows that a certain 
amount of truth is to be found in eac/ of the three great rival 
doctrines set forth in the earlier chapters. 

Thus, the ‘monarchic’ view is justified by g if we admit this 
ruler to be constitutional, not despotic; it forms a mighty factor 
in the state, but not the sole one. And a further truth — qualifying 
and restricting the other — is contained in the ‘anarchic’ view. 
For besides the factor g which rules throughout all mental pro- 
cesses, there is also the factor s which is in every process inde- 
pendent; under the monarchic reign there is still some freedom for 
the individual citizens. And as much may be said, finally, for the 
third or ‘oligarchic’ view, seeing that something of the nature of 
faculties or types — quite distinct from the universal factor and 
fairly distinct from the ordinary narrow factors — has revealed 
itself in what we have been calling the broad factors. 


Implicit recognition in current procedure of testing. Besides this 
eclectic relation of our doctrine to all the prevalent theoretical 
doctrines, there should be noticed its curious connection with the 
prevalent practice in actual testing. Our g is, in fact, really obtained 
by this practice, with rough - much too rough — approximation. 
And it will be obtained the more exactly, as the procedure is freed 
from undeniable defects by means of the methods given in the 
appendix [not reproduced here]. 

The explanation may be ventured that psychologists have been 
assimilating this doctrine of Two Factors more than they knew. 
The first and greatest move was made when they tacitly adopted 
(in flat contradiction to their then professed doctrines of faculties) 
the procedure of throwing many miscellaneous tests into a single 
Pool. There followed their momentous step, whereby (in flat 
Contradiction to their now professed principle of averaging or 
Sampling) each of these component tests was selected by reason 
Of its correlation with the rest of them. Recently has been added - 
à more and more open usage of the very terms ‘general ability’ 
and ‘special abilities’ as together constituting a person’s mental 
Make-up, terms which were originated by and are essent- 
lally characteristic of the doctrine of g and s. Such ‘peaceful 
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penetration' of the doctrine is still progressing. Even the writers 
- professedly most antagonistic have nevertheless all the time been 
unconsciously drifting towards it. 


. Need of explicit recognition. But let a plea be entered here, that 
this conversion should be frankly admitted. For the procedure of 
testing will surely admit of very great improvement when once 

_ the basis upon which it really rests is taken openly into considera- 

. tion. As already mentioned, the power will be obtained of con- 

_ structing more efficient tests and that of applying these in a more 
_ effective manner. A solution, also, will be supplied to the urgent 
practical problem as to what tests are of legitimate kind. Ought 
memory to be admitted? Or imagination? Or motor ability? In 

every case the reply now is simply — Yes, if and in so far as any 
of these show a sufficiently high correlation with g. 

_ More important still, however, is the need of frankness for 

theoretical purposes. So long as mental testers appropriate only 
procedure and the terms, not the doctrine upon which these 

Were founded, then the tests possess, in truth, no foundation at 
all. With only too much justice have they been subjected to the 

scathing criticisms quoted in chapter ii [not reproduced here]. 

There was small exaggeration in calling them a * bunch of stunts 

_ or ‘jazz examinations’, which “may test intelligence and may not; 
nobody knows’. Particularly damaging has been the reproach 
that the measurements obtained from such artificialities have un- 
warrantably been taken to hold good for the ability displayed in 

| ordinary life. Now, on taking cognizance of the present doctrine, 
all this criticism of undue generalization loses its relevance. An 

| instrument has been furnished for ascertaining just how far the 
range of g actually does extend. And no demand need be made 

. for the smallest generalization beyond. 

But of such prospective advantages we have said enough. The 
list of them could be extended without end. They may be summed 
up by claiming that the frank adoption of Two Factors would 


_ Seem to supply an adequate basis — the only one possible - for 4 
. unified science of all human ability. 


Part Two DEVELOPMENT AND APPLICATION 


Two American and one British contributor are included here, 
and this ratio underlines the increasing volume of work 
beginning to be undertaken in the U.S.A. in response to the 
stimulus of Galton and Spearman emanating from the other 
Side of the Atlantic. The first contributor, Truman L. Kelley, 
is one of the giants of the American scene. This extract is from 
Crossroads in the mind of man: a highly significant book, and 
one which gives the first sign of a major breakaway of the 
American theorists from the Spearman model. Here we see 
the emergence of group factors, and a closely reasoned 
argument questioning Spearman's theories. 

The second contributor, Clarke L. Hull, is better known to 
psychologists and educationists for the significant work he has 
done on learning theory, in which field he is one of the great 
figures. The extract printed here comes from an early book 
Of his, Aptitude testing, and its inclusion may perhaps owe 
something to the influence which this book had on the editor 
When it first appeared. To a young teacher, struggling with a 
backward class in a London elementary school, learning to use 
the first standardized tests, and endeavouring to get to grips 
with the theoretical psychology underlying such technologies, 
Hull's work was enormously valuable. This was not only 
because of the way in which it summarized the results of 
contemporary research, outlined the theories of Spearman, 
Thorndike and Thomson, and put forward in a most lucid 
form the idea of group factors, but also because of a method of 
approach and attitude of mind which seemed to a teacher to H 
be eminently practical and realistic. Re-reading the book nearly 
forty years later I see no reason to alter this judgement. 3 

The British contributor represented here — Sir Godfrey 

homson — ranks with Spearman and Burt as one of the great 
formative influences on British psychology and psychometrics. 
It would be unthinkable to produce a book of readings on 
intelligence and ability which did not include something from 
his pen. The choice was not easy, but the lecture text finally 
. Chosen is one which seems to me to be particularly appropriate. - 


I OPMENT AND APPLICATION 1 

First, it begins by indicating — all too briefly — one of the main 

.. forces guiding the direction of his researches and writings: — 
his passionate desire to ensure adequate educational opportunity 
for the less-privileged child. Godfrey Thomson's own experience 
as a scholarship boy from a humble home was something that 
he never forgot. His experience as Professor of Education at 
Durham University and as a member of the Northumberland 
Education Committee during the years of the depression, when 
the North-East became one of the black spots of the nation, 
was undoubtedly another major influence. And when he moved 
to Edinburgh he set up this country's first educational test 
bureau, at Moray House, as part of his campaign for improving 
the accuracy and validity of educational selection. But the 
lecture reproduced here shows him as someone much more than 
à mere test technician and statistician: he was a philosopher 
as well as a psychologist. Those who knew him remember him 
with deep affection, for he was a man of great compassion 
and deep sympathy as well as of incisive intellect: and 
something of these qualities is revealed in this lecture. 


* 
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4 T.L. Kelley 
The Boundaries of Mental Life 


| Excerpts from T. L. Kelley, Crossroads in the mind of man, Stanford 
University Press, 1928, chapter 1. 


The study of the nature and scope of mental traits is as broad as +f 
the entire field of psychology, and just about as evasive as the all- — 
pervasive ether. He who dedicates his services to * human welfare’ 
is rather less likely to ease the progress of mankind than, say, - 
an ear doctor who limits his attention to a narrower field. Never- — 
theless it is necessary to envisage an entire realm in order to — 
maintain a proper perspective, to keep poised in the turmoil of — 
separate schools, neo-schools and counter-schools. Each sepa- 
rate school is generally willing to ignore the others with the fine — 
tolerance of the wise toward the harmlessly demented. If per- 
chance a behaviorist takes issue with a psychoanalyst, the latter. 
blandly informs him that he does not know the facts and the - 
principles of the latter's study, and in this he is probably right. - 
How, then, as each school becomes more specialized in technique, - 
more confined within its self-made walls, and more dependent . 
upon the rapidly increasing fruits of its own garden, is there any — 
chance for helpful criticism of school by school, or any prospect — 
of co-ordination of their several doctrines? Not only is there - 
Prospect, but sooner or later co-ordination is inevitable, for the - 
doctrines meet at the crossroads of life. Professor Blank found — 
bluejays breaking the eggs in a quail's nest, and killed seven in 
às many shots. He was ‘so mad that he couldn't miss’. What a 
fine interplay of traits! Usually emotions and motor co-ordina- — 
tions run separate courses, but here they met at the quail’s nest. — 
It would seem that just two things are necessary toa comparative 

and co-ordinative study: First, a technique that is universal in 
its applicability in the sense that it serves not only at the cross- — 
roads, but along the remote stretches where no other highway is 
Dear. And, second, the will and the opportunity on the part of 7 
Someone to apply this technique to the divergent and convergent 1 
Paths of modern psychology. The technique that is necessary is _ 
to be merely deductive, for its object is to test the validity of | 
claims made and supported by sundry schools, and it is not — 
Primarily interested in the way these various claims happen to 


"have been conceived in the first instance. » 


1,8 


THE BOUNDARIES OF MENTAL LIFE E 


This single method of valuation applies to all schools of 3 

psychology, because in one important regard they all do the same 

thing, in that each advances certain psychological elements as 
underlying its particular system — the behaviorist has his original - E 
tendencies and ‘given’ nervous structure, the gestalt psychologist - 
his configurations and e pluribus unum doctrine, the Freudian his — 
underlying sexual urges, and so on. Without expressly so stating, » 
the very postulation of these different elements constitutes à 
claim that each is an entity in itself and is entitled to an indepen- - 
dent status in the field of mental life. Thus all that is needed in the 
way of technique by him who would investigate the entire field 
is a device for testing the independence of any given element 
from all others or at least from such as may be thought to be 
somewhat similar to it. , 

Before such testing there must be a definition of the element, 
and the school of psychology in question is obligated to supply 
this. This definition must be invariable, and expressible in terms 
of conduct. Certainly it would be in reason to demand as much 
in any other field. If a certain doctor maintains that hives are 
caused in one person by tomatoes, in some other individual by 

any sort of protein and in a third person by some particular 
protein, unless caused by the lack of some protein, his very 
comprehensive formulation is not subject to experimental test. 
About all that can be done with such a formulation, whether in 
psychology, medicine, astrology, economics or any other depart- 
ment of human activity is to let it alone and see that it does not 
intrude upon more promising hypotheses. 

The multiplicity of causes put forward by certain psycho- 
analysts for a single outcome nearly precludes the subjection of . 
their claims to scientific inquiry. If it is claimed that one per- 
formance is consequent to one certain capacity, the matter mày 
be readily tested. Even if the performance is a compound of two 
capacities check-up is possible. As the number of possible causes 
increases to three, four, or more, the possibility of check-up 
rapidly vanishes, and science goes through pseudo-science tO 
speculation or to charlatanry. The trouble is not primarily 1 
postulating several contributing causes but in doing this antece- 
dent to the development of a method of proof. In any true science 
the formulation and the means of at least partial verification, 
generally by noting necessary objective consequences, run han 
in hand. 

Thus, in the field of psychology, if a designation of some trait Or g 

capacity, as a category of mental life, is to be given serious COT" 
ED 
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sideration, it must be such as to reveal itself as a measurable 
difference in conduct, that is, as a measurable difference in the 
same individual at different times, or in different individuals at 
the same time. Does a trait like introversion meet these con- 
ditions ? The number of different verbal statements of the mean- 
ing to be attached to this term falls but a little short of the number 
of people using it in writing. Many of these meanings are so 
subjective as to lead one to doubt whether differences of conduct 
can be related to them. No method of verification can be hoped 
for or in fact desired that will investigate the reality of so in- 
definite a concept. If one or more of the users of the term state 
that they mean thereby high scoring on a designated test which 
is definite, administered in a standardized manner, and which 
yields an objective score, then, and practically only then, can the 
matter be subjected to test. 

This demand that a concept be subjected to objective measure- 
ment before it is worthy of serious consideration as an in- 
dependent category of mental life, though sweeping, is not too 
sweeping, if we limit objective measurements to such as are defin- 
able and verifiable. How about the large class of concepts which 
are definable only in a rough way and verifiable only in part? 
Suppose we define ‘honesty’ in the following manner: ‘It is a 
trait possessed in varying amounts by school children and recog- 
nized by teachers, with the result that when teachers rank their 
pupils on the basis of honesty, a measure of the trait is obtained.’ 
Let us first note that in this statement no precise distinction has 
been made between honesty itself and the measure of it. To deter- 
mine whether such a lack of distinction is justified we should 
attempt to verify the measure. If a second equally trustworthy 
teacher having equal familiarity with certain pupils gives a rank 
order which is the same as a first teacher's, and if a third teacher, 
a fourth teacher, etc., all do the same, then the measure is verified 
and there is no need of distinction between the trait and the 
measure of it. Such a situation would arise in practice if height 
instead of honesty were the trait in question. We say * John is 
four feet eight inches tall’ and do not quibble over the fact that 

four feet eight inches’ is merely some person’s measurement of 

John. If there is complete agreement the measurement is the trait 
for all practical purposes. In the case of honesty there would be 
no complete agreement but partial agreement only. Does such a 
measure provide a basis for scientific investigation? It seems to 
the writer that it does provided (1) the degree of agreement of a 
measure in hand with a second equally trustworthy measure is 
73 
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known, (2) the technique adopted takes the unreliability of the 
measure into account and allows for it so that no systematic 
error is introduced, and (3) the technique adopted guards, by 
drawing tentative conclusions where necessary, against any chance 
error which may be introduced due to this unreliability of the 
measure. 

- These are necessary qualifications, but when these precautions 
are taken it would seem that objective measures in the sense 
earlier insisted upon may be derived from sources no more specific 
than the judgments of acquaintances. Though this is true, it is 
surely the part of wisdom to utilize performance records which 
are independent, or nearly independent, of human judgments 
whenever possible and when dealing with the more far-reaching 
issues. 

Some very suggestive studies of mental capacity based upon 
judgments have been made.[. . . .] 

After exercising all possible care there remain ambiguities in 
the interpretation of judgment measures. Should ten, twenty, OF 
even one hundred acquaintances give judgments, which, pooled, 
characterize a person as one standard deviation above the average 
for his age, in honesty, still no one knows just what is meant by 
them, and probably never can know, for he has no way of 
discovering how his independent Concept agrees or disagrees 
with the average concept of these judges. On the other hand, if 
honesty is defined as a trait tending toward higher scores on à 
designated test, when administered and scored as directed, then 
any particular student can study the relationships of this 
*honesty', even though he might individually misinterpret the 
purport of the test questions. 

A few years ago Garnett made an analysis of Webb's study 
based upon judgments, and concluded that there is a mental 
factor ‘cleverness’, Certainly to understand this, ‘cleverness’ is 
to be interpreted as by Garnett, but this we can only approxi- 
mate. And, further, Garnett deduced his ‘cleverness’ from 
‘quickness’, ‘profoundness’, ‘common sense’, ‘originality’, etC- 
(of. 48 mental traits investigated, 43 came from judgments), 
which were traits appraised by Webb’s judges. The meaning O 
these traits is certainly to be interpreted as by the average © 
Webb's judges, but as to these meanings both we and Garnett 
can secure only rough approximations, so that our final belief 
in ‘cleverness’ as a factor must be most uncertain. Still more 
serious is the fact that it is incapable of verification, for we cannot 
duplicate by reproduction of the investigation, step by step, oUt 
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own interpretation of Garnett's interpretation of Webb's judges’ 
interpretation of the traits of the unknown subjects. All these 
difficulties except the last — differences in supposedly similar 
populations — are avoided when a trait is defined in terms of an 
objective measure which is capable of being duplicated and thus 
verified. 

Because of the uncertainty of outco 
ments in a study, the purpose of whic 
mental rubrics, this type of psychological investigation is only 
incidentally investigated in connection with the delightful study 
by Shen. It is probably an important and legitimate field in the 
matter of discovery and preliminary surveys but it is truly of 
doubtful value in the subsequent steps of proof. 

Definition and reproducibility are essential characteristics of 
the psychological data to be dealt with. Having data with these 
characteristics, and having purposes as unified as is the case with 
Investigators, there is provided a situation which is amenable to 
à single type of analysis. The avowed purposes of psychologists 
sound quite different, but this need not deter us from approach- 
ing all investigations with a single comparative technique, be- 
cause there is a fundamental underlying unity in these purposes. 
The determination of some difference is the object of every psy- 
chological formulation. For convenience, these differences may 
be characterized as of three types, or of some composite of the 
three. Thus the difference may be chiefly affected by a change 
in time, as in the case of growth and fatigue, chiefly affected by 
Spatial consideration, as are all of our sensory and motor func- 
tions, or chiefly related to differences in type of central nervous 
activity, as are the emotions and the several intellectual modes 
of thought, reasoning, memorizing, etc. 

The technique of Spearman based upon tetrad differences for 
determining the discreteness of mental phenomena, and that 
used by the writer, involving much of Spearman’s technique 
but also a considerable extension of it, is entirely adequate to 
determine whether two things, say a set of visual and a set of 
auditory measures, are basically the same or different. The case 
Cited is so simple that its solution seems obvious. Much simpler 
devices than tetrad differences are available here, as perhaps in 
the case of all differences affected by spatial considerations, 
which enable one to establish that the auditory and visual pheno- 
mena are disparate. It would be ridiculous to measure both the 
visual and the auditory acuity of a large number of people, 
measure still other traits, and then calculate a lot of tetrad 
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differences to see if they would warrant the conclusion that visual 
and auditory acuities are different things. Also, dealing with a 
single individual, it would be absurd to measure the sensitivity 
to light, to sound, to heat, etc., of different areas of the body 
surface, calculate tetrad differences and conclude that visual 
and the other sensitivities are not the same. However, this could 
be done, and by this technique each measurable sensory and 
motor trait of mankind that does stand alone could be so proved. 
We thus see that the technique in question is much broader in its 
applicability than one might judge from the field to which it has 
been applied. However ponderous the tetrad-difference method is 
in the case of these sensory and motor traits, it seems to be the 
only way, other than that of introspection, available in connec- 


.tion with purely mental phenomena. Apparently the reason is 


that the usual concomitants of sensory and motor traits, namely, 
space and time, are not conditions of mental life. One's reasoning 
power has not been localized in any particular end organ, and it is 
approximately timeless, operating with equal facility yesterday» 
today, and tomorrow. Mental phenomena are not entirely 
devoid of temporal characteristics, as will be discussed at greater 
length in connection with growth, but in so far as they are inde- 
pendent of it they are not amenable to study by the simple 
procedures which suffice with sensory and motor traits. 

We may characterize the entire realm of psychological thought 
by saying that it is concerned (a) with differentiating between 
traits, or more broadly, though without a change in meaning 
with studying the relationship between traits; (b) with determin- 
ing changes in single traits (growth, fatigue) as time changes; 
and (c) with modification as locus (end-organ) changes. From à 
different point of view, the first of these is to be recognized as 4 
study of individual differences. Of these three problems of differ- 
ence, we are here concerned only with the first, for a trait must 
be determined as independent before it is very useful to attempt 
to determine its growth, if it does grow, or its locale, if it has one: 
Further, as to differentiating between traits, we are here concerne 
only with those the independent status of which is open to ques- 
tion — memory, analysis, persistence, etc., but not visual acuity, 
right-hand grip, etc. 

Though our field is thus limited, it may not be amiss to attempt 
to picture the structure of a human organism which is possesse 
of traits as wide apart as those of mankind, Dr John F. Walker 
found that there are many independent motor and sensory 
capacities in children, thus suggesting specific independently 
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conditioned origins. Professor Spearman (1927, Abilities, p. 217) 
reports much the same thing. Accordingly, so far as these things 
are concerned we may look to a rich and varied original genetic 
Structure. The writer has argued elsewhere that this many- 
particled original nature is limited in its development by environ- 
mental pressure. If there are 40 chromosomes, each with 1,000 
genetic elements, and if there are five allelomorphic alternates 
for each element, then the number of permutations conceivable 
is 510 = 100. The earth could thus be populated millions of times 
without duplicating in genetic structure any individual. However, 
probably many of these permutations are lethal, for the embryo 
in the main develops in one certain milieu only. Certainly medical 
science indicates a wonderful similarity in metabolism and toler- 
ance, both in infants and in older people. If we carry this thought _ 
a step farther we can well believe that in the case of traits con- 
cerned with social contacts (love, hate, mental agility at argument, 
intellectual keenness in finding one’s way, subtlety in conflict, 
tolerance toward the views of associates, etc.), certain permuta- 
tions only are favorable to survival. Perhaps through generations 
the allelomorphic elements in these surviving combinations have 
become linked through mechanisms not unlike those of symbiosis. 
Thus genetic origins almost infinitely extensive, interacting with ^ 
physiological and social environment, find their fruition in beings 
running more or less true to survival types in essential mental 
and physical make-up, but of great variability in nonessential 
physiological detail. To illustrate, we might readily conceive of 
almost an infinite number of intergrades in the matter of sex; but 
conditions of survival have determined that most of these must | 
vanish, so that as a final result male and female children are born 
and few hermaphrodites. This picture! of genetic structure, : 
1. The conclusions of Stewart in his ‘ Mendelism in Bacteriology’ (1926), , 
às reported by E. F. Symmes (Psychological Abstracts, Vol. 1, No. 5, May 
1927, Item No. 1111), are very pertinent in this connection: ‘The variations 
exhibited occur only in adaptation to the stimulus presented, this fact 
establishing an important hypothesis for evolutionary theory - that a race | 
Can adapt itself by variation directly to its environment and that such an 
adaptation is rigorously inherited. Such an acquired character, however, is 
inherited only by unicellular organisms; in higher forms it doubtless would 
affect the soma only, and not the germ-plasm, and therefore not be in- 
herited.’ This is quoted because so far as unicellular organisms are con- 
pried it very fully supports the hypothesis here mentioned. So far as 
igher forms of life are involved it need not be considered a reversal of 
Mendelian doctrine to postulate some functional relationship between 
environmental influences and linkage of the genetic elements possessed by 


Surviving individuals, thus in fact giving hereditary conditions operating, 
though much more slowly, as in the case of the bacteria studied by Stewart, 
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though merely a picture, seems adequate to a portrayal of all the 
conditions of inter-relationship found, while it is at the same 
time not sufficiently specific to prejudice any of the experimental 
treatment. It has two important features in addition to those 
mentioned, in that it suggests in what evolution consists and it 
gives a definite place to both heredity and environment in this 
process. 

We have noted that mental traits which we wish to study with a 
view to differentiating between them are of the class not readily 
localized in space and time. Even so the field is very extensive and 
includes what are commonly called the higher mental processes. 
Our problem is difficult because of the complexity of these 
processes and because of their number, for they cannot be studied 
singly. A single mental trait can be studied with reference to 
growth without any attention to other traits, but obviously when 
the issue is the difference between traits, it must be studied in 
conjunction with other traits. 

It is here argued that such an approach should logically precede 
all detailed studies of a trait. Professor Spearman argues that 
‘perseveration’, as measured by G. E. Muller, is the same a5 
"introversion", as proposed by Jung. Surely so vital an issue a$ 
this could well be made a matter of first importance, even if the 
investigator is studying merely the one or the other trait, and not 
primarily trying to see things in proper perspective. If this latter 
is the object, then not only should introversion and perseveration 
be studied together, but also along with many other traits, O 
which some will probably be related to these two and some wil 
- be entirely independent. A comprehensive study of this last sort 

has never been made. The experimental work of the present 
volume has dealt jointly with general ability (probably in the 
main, maturity), manipulation of spatial relationships, facility 
with verbal material, memory, mental speed, and certain other 
less clearly defined traits. Professor Spearman and his students 
have studied these same abilities, except facility with verba 
material as here defined, and other traits, but his studies have not 
been of all the traits at once. Generally speaking they have been 
investigations of the independence of each of the traits singly: 
from Spearman’s general factor ‘g’. These studies have been most 
fruitful in indicating real differences between certain traits an 
certain g’s (the writer does not quite subscribe to the view that the 
thing called ‘g’ in all of these investigations is the same through- 
out), and in suggesting differences between these; but the much- 
needed comprehensive examination of relationships between many 
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differently labeled, derived, measured, and variously sponsored 
mental traits is still to be made. Certainly such an investigation 
should take into consideration the following factors: (a) maturity ; 
(b) sex; (c) race; (d) manipulation of spatial relationships in so 
far as independent of differences in visual acuity, etc. ; (e) manipu- 
lation of auditory relationships in so far as independent of 
auditory acuity, etc.; (f) verbal facility; (g) number facility; (4) 
memory - one or more kinds; (#) mental speed; (j) one or more 
traits involving general motor organization and skill; (X) purpose 
or purposes; (/) ebullience or cleverness; (m) perseveration or 
intro-extraversion; (n) oscillation or variability in performance; - 
(0) one or more traits connected with social interest and activities; 
(p) any remaining general factor not included in the preceding. 
The only adequate attack is to study all of these at once upon the 
same population, as otherwise certain relationships, perhaps of 
great importance, will be missed. Owing to previous work, 
mainly that of Spearman, the list as drawn up is very select and 
very promising for future study. The writer believes that the 
techniques herein employed are adequate for such a study and 
rather more comprehensive than those of Spearman, in spite of 
the fact that Spearman's have already yielded rich return. 

In the study of independent mental capacities, Spearman has 
in the past utilized quite a number of different criteria. Though he 
claims that these early criteria are sound, because in harmony 
with results based upon what he now considers his final tech- 
nique, there is considerable room for argument. If Technique B 
is sound and leads to a certain conclusion, then it does not follow - 
that Technique A is sound because in some given instance it leads 
to the same conclusion. We are, however, not concerned at this 
time with Spearman's carlier techniques. His last one, for which 
he claims finality and universality, must be carefully scrutinized. 

It is readily shown that if four variables have one, and only one, 
common factor running through them (in, the writer would add, 
a linear manner) then every tetrad difference involving the correla- 
tion coefficients of these four variables will be equal to zero. In 
the notation of this text, tetrad differences are denoted by the 
letter ¢ with appropriate subscripts, and are defined as follows: 


ti 2314 = igsi — igas a 
heas l'ai — Males 2o: o2 DERE 4 


tysa2 = Fige — l'ial'os 


s 
The equality of these tetrads to zero in the case when one general F 
factor is sufficient was first pointed out by Spearman. It is very : 
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easily proved in a number of ways, one of which is given in 
chapter iii [not reproduced here]. 

If there are more than four variables, if one general factor only 

| runs through the variables, and if they contain no group factor, 
ie., a factor found in a number of the variables but not all of 
them, then every tetrad will equal zero. The converse of this is also 

. readily proved, namely, if every tetrad does equal zero, then the 
| variables may be thought of as having one general factor and no 
group factors. With this as a starting-point Spearman argues that 
_ if the distribution of obtained tetrad differences shows a variability 
no greater than would be expected as a matter of chance, then 
one and only one factor, other than factors specific to the separ- 
ate variables, may be looked for in the several measures. To carry 
this argument into effect the distribution of tetrads must be 
made (based on all the possible tetrads resulting from the vari- 
ables employed), and its standard deviation must be calculated 
and compared with the theoretical standard deviation in case all 
tetrads deviate from zero merely as a matter of chance. This line 
of reasoning and the execution of it must be examined very 
critically, for it constitutes Spearman's major technique and, 
according to him, the only technique which is adequate. First as 
. to the execution of it: The formula (Spearman, 1927, Formula 
16a, p. xi) which Spearman and Holzinger have derived for the 
standard deviation of the distribution of a population of tetrad 
differences is 


2 9 (PS em RS 

s-3(—0-m i .0 

wherein r is the mean of all the r's and s? is their variance, and 
n—4 n—6 


In these equations n is the number of variables and N is the size 

_of the population. 

: The writer has criticized the earlier formula, now replaced by 
this one, and of the use of this later formula Spearman writes: 

*...although on some theoretical points still awaiting further 

elucidation in practice at any rate (it) appears to be far more 

. convenient, and even more reliable than (Spearman and Holzin- 
 ger's formulas giving the probable errors of single tetrads).’* The 

proof of this very critical Formula 2 has not as yet appeared in 

_ print. 

1. Spearman, 1927, Appendix, p. xi. 
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Formula 2 may be called not merely a critical formula, but 
the critical formula. Professor Spearman states (1927, p. 74): 
«|. Whenever the tetrad equation holds throughout any table of 
correlations, and only when it does so, then every individual 
measurement of every ability can be divided into two independent 
parts . . . (a general and a specific factor)" Formula 2 is the final 
criterion that Spearman uses to determine if the tetrads through- 
out the entire table are merely chance deviations from zero. He 
writes (1927, p. 137): ‘To begin with, a note of warning must be 
sounded against all attempts to replace the rigorously demon- 
strated criterion by anything else. Many writers have tried to 
invent a new one for themselves; others have declared that so 
many are in the field as to produce a difficulty in choosing be- 
between them. Against this, we must formally declare that no 
other rigorous criterion than that demonstrated here (including | 
mere equivalent conversions of it) has ever been proved or ever y 
can be. Professor Spearman is presumably referring to the tetrad- 
difference formula, risa — /13"2: = 0, but we must note that the 
crux of the matter is not in the proposition that all tetrad differ- 
ences equal zero, but in the standard errors of their actual values, 
. which deviate by chance or otherwise from zero. According to 
Spearman's method this leads back to Formula 2. Clearly it is 
the basic formula in the entire treatment. Ifwegrantthat Formula — 
2 is correct, we may still question the use made of it, for Spear- - 
man assumes that chance would yield a normal distribution of 
tetrad differences with this standard deviation. This assumption 
of a normal distribution, even in situations where one general | 
factor only is present, does not seem reasonable, for the chance 
errors in the correlation coefficients are known to be correlated, 
so that we may expect the chance errors in the tetrads also to 
be correlated, and to an appreciable extent, for they are only 
functions of four correlation coefficients and the products of 
correlation coefficients in pairs are repeated many times in the — 
total population of tetrad differences. This would yield a non- 
normal distribution, of just what form the writer does not know. 
The obvious way of using the chance standard deviation of a — 
population of tetrad differences would be to compare it with the _ 
obtained standard deviation, find the difference between the two, 
and the standard error of this difference. This standard error, — 
which will certainly be very small, is not known, and it probably 
cannot be determined by any means sufficiently simple to be 
serviceable. Should one object to this proposed method of inter- - 
pretation on grounds similar to those just raised, namely, that _ 
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_ the distribution of differences between these two standard 
deviations will not be normal and thus not readily interpretable, 
_ it can be shown that the point, though not without foundation, 
is much less material here than in the former case. 
How material this particular criticism of Spearman's use of 
Formula 2 is, is not known. It may be quite trivial. A more im- 
. portant criticism from the writer's point of view is the fact that d 
the situations in which one is really interested are not those to 
which it can usefully be applied. According to Spearman's latest A 
conclusions there are no less than three general cognitive factors 
- g, oscillation, and perseveration ~ and a much larger number of 
group factors, including memory, a spatial factor, a conjunction 
factor (probably identical with what the present writer calls a | 
. number factor), a music factor, etc., as well as *conative" factors. 
All that Spearman's criterion could tell us would be that one 
factor was or was not sufficient to explain a given situation. All 
. ofthe writer's data do show, and he ventur 
of the forthcoming as well as much of the earlier data from Spear- 


man's laboratory will Show, the need for more than a single 


.. factor; thus Spearman's tool proves inadequate. We are no longer 4 
concerned with the first step, ‘Does one factor suffice?’ but with 
_ the later steps, ‘How many and what factors suffice?’ The writer 
presents herein the complete solution of the adequacy of two 
factors in the case of variables up to the number five, but he has ' 
found even this to be inadequate, for there are found in his 
. data more than two general or group factors. Finally, the writer 
. presents an iteration method for handling the problem when more j 
factors and more variables are present. This method seems to be ] 
à powerful analytical device. It calls, however, for a wider use 
and more detailed mathematical Scrutiny than it has as yet 
received. As to the needed mathematical scrutiny, it can, in brief, y 
be said that the writer has been using an iteration method and | 
] obtaining a convergency in a series without having first proved 
.. that convergency is a mathematical necessity, | 
The fundamental technique of Spearman has been supple- | 
. mented by him by a partial correlation procedure. When he has | 
` found that one independent factor was insufficient, he has paf- 
tialed out g and by a study of the residual correlations has foun 
additional factors. This procedure depends upon the ability to 
obtain a measure of g uncontaminated by other factors. The 
difficulty of doing this is great, because of the special hazards 
involved in partialing out just what is needed and no more when 
dealing with measures having large chance elements in them, an' 
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perhaps also having disconcerting specific and group factors in 
them. The writer has not attempted to follow carefully all of this 
‘partial correlation treatment, because Spearman's populations 
have been very small, the partial correlations very small, and the 
resulting probable errors very large and, most unfortunately, 
unknown. He would, however, express the belief that in spite of 
these special hazards the method has much to commend it. 
Though certain shortcomings in the tools used by Spearman — | 
have been pointed out, nevertheless the writer believes that on the 
whole he has used them with rare judgment and has determined 
the existence of many important mental factors. In short, as 
Spearman's technique and point of view with reference to the 
significance of differences seems too rigorous, or, in other words, 
unfavorable to the discovery of factors in addition to g, we may 
place rather special confidence in the reality of such special - 
factors as he does report. The very thorough review of these to be 
found in his Abilities of Man (1927) makes it unnecessary to give’ 
more than a brief discussion of them here. Professor Spearman 
clearly distinguishes cognitive, conative, and affective traits, as. 
well as various other traits, for example, retentivity and fatigue. - 
lt does not seem to the writer that he has established by his own | 
method of tetrad differences the independence of these things. — 
We will therefore, even at the risk of not doing full justice to his E 
view, make no attempt to preserve his classification of traits and 
capacities. We will list those that he has found disparate, but we - 
Should bear in mind that in the main, by his technique, differences — 
of each from g are established rather than complete difference- 
of each from each other. 
. First in this list is Spearman's g. As measures of it, which — 
involve nothing else except specific factors, are the ‘usual sets of 
mental tests? (1927, Abilities, p. 161). The number of specific 
tests which could here be mentioned is very great, including in 
addition to many others, opposites, synonyms, classification, 
completion, questions, analogies, paragraphs, meanings, memory, - 
abstract thought, accuracy, inferences and likelihood (1927, pp. — 
224-27), Owing to the universality of g, Spearman states that 
any test will do just as well as any other, provided only that its E 
correlation with g is equally high’ (1927, p. 197). The saturation — 
of measures with g is not markedly affected by any differences. 
in the fields of cognition (1927, pp. 203-4). Again, ‘g proved to be 
a factor which enters into the measurements of ability of all kinds, 
and which is throughout constant for any individual, although — 
varying greatly for different individuals. It showed itself to be — 
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involved invariably and exclusively in all operations of eductive 
nature, whatever might be the class of relation or the sort of 
fundaments at issue. It was found to be equally concerned with 
each of two general dimensions of ability, Clearness and Speed. 
It also applied in similar manner to both the dimensions of span, 
which are Intensity and Extensity. But it revealed a surprisingly 
complete independence of all manifestations of Retentivity. 
Whether there is any advantage in attaching to this g the old mis- 
handled label of ** intelligence" seems at least dubious’ (1927, p. 
411). In brief, Spearman's concept is that g is the ability to deduce 
relations and correlates, and is dependent upon a central fund of 
energy. 

The experimental results reported in later chapters hardly sup- 
port this concept, because there seem to be two, and perhaps three, 
traits combined in this one concept. First, there is a factor making 
for correlation between variables due to maturity, race, sex 
differences, and differences of antecedent nurture. That these 
things would strongly tend to introduce a general factor is shown 

. in chapter ii of this book [not reproduced here], and that Spear- 
man pays far too little attention to them is very obvious to one 
going over the various experimental investigations that have been 
made in his laboratory and under his direction. In fact, he writes, 
‘Also worthy of mention, though hardly of prolonged examina- 
tion, is the taking of g to have reference only to children, being in 
fact no more than a measurement of their maturity. One child 
does better at the tests than another of the same age, it is said, 
only because of being more precocious’ (1927, p. 90). Though this 
statement implies the comparison of children of the same age, 
Spearman's groups typically have not been children of the same 
age, and he has not resorted to a partial correlation technique to 
reduce his data to a constant age basis. Certainly race and nurture 
have not been partialed out, and only very occasionally has sex 
been experimentally treated as a separate factor. It is regrettable 
that this very fundamental matter! of maturity has not been 

1. It may be that neglect of nurture as a factor has been caused bya belief 
that its influence is specific. We find one of Spearman's students (Slocombe, 
1926) stating: * How is it then, that practice, though present and producing 
an Increase in score, does not influence g as measured? It is inferred that 
the influence of practice is specific to the form of test. Thus when a number 

of test forms are combined, practice enters asan uncorrelated specific factor. 

The data of Slocombe, based upon a growth or nurture period of three 
months only, are most inadequate for so important a conclusion. | he 
contradictory view is indicated upon many counts in the present writer's 


study, ‘The Influence of Nurture upon Native Differences’ (1926), which 
includes data extending over a considerable range of years. 
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thought worthy of prolonged examination. On a priori grounds 
why should one consider it of less significance in connection with 
intellect than with bodily structure? 

„The second factor which the writer finds clearly indicated in 
his own data, and which is undoubtedly present in the tests 
measuring g, is a verbal factor, for the tests that Spearman 
regularly uses as the better measures of g are very similar to those 
in which the writer has found a large verbal factor. One might say 
that this is merely quibbling over terms, and that what the present 
Writer means by a verbal factor is what Spearman means by g. 
This does describe the situation in part, though the writer finds 
that the verbal factor is more limited in its scope than the state- 
ments of Spearman would indicate his g to be. It is, nevertheless, 
probably true that fully one-half of Spearman's g is represented 
by what is here called a verbal factor. 

A very recent study by one of Spearman's students (Davey, 
1926) gives data from which the author concludes that there is 
no general verbal factor. Dr Davey reports the distribution of 
tetrads of the form £1 2 3 4, in which x1 equals the score on an oral 
test, xs, that on a second oral test, xe, that on a pictorial test, — 
and x4, that on a second pictorial test. The median of such tetrads 
is 0-021, and the probable error (of the distribution, not of the 
median) by Spearman’s Formula 2 is 0-019, This clearly shows a 
verbal factor, but Davey, picking out four of the eight verbal 
tests which have contributed the greatest to the creation of this 
median difference, finds that the median of the distribution of the 
remaining tetrads is approximately zero. This process of selection 
is unwarranted, for the very act of a posteriori selecting the four — 
tests has capitalized chance in one direction, that of not yielding 
a verbal factor. We are surely warranted in disagreeing with 
Davey and in fact in citing his data as indicating a verbal factor 
of fairly wide extent. 

Finally, there may be a third factor — not variability, in 
maturity, in sex, in race, in nurture; and not verbal — present in 
Spearman’s g. The writer believes that if such a residual factor 
remains, after an allowance for the things mentioned, it is very 
small. A general factor, not verbal, is found by the writer through- 
out his work, but as he has not allowed for sex, race, or nurture, 
and probably not adequately for maturity, it is truly an open 
question whether any g factor at all would exist if these things 
had been properly taken into account. 

The data which most adequately takes into account maturity 
and sex is the Army Alpha data quoted very disparagingly by 
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= Spearman. As to the facts we can all agree that a single general 
. factor is not indicated. As to the cause, Spearman writes that by 
the procedure followed, ‘the subjects, and still more so the testing, 
must have become heterogeneous to the last degree’. Knowing 
something of the care with which this testing work was done, the 
writer does not believe the second of these changes is justified. 
As to the first charge, it is true that the group was rather hetero- 
geneous, but this fact would introduce a g factor, not take out one 
already there. In brief, these data, almost unique in that they 
allow for maturity and sex, for the group consisted of adult men, 
do not yield a comprehensive g factor. A further study of the Army 
. Alpha data is made in chapter ix below [not reproduced here]. 
= The relationship pictured by Spearman between education and 
g-is stated in the following words: ‘On the whole, the most 
reasonable conclusion for the present appears to be that educa- 
Y tion has a dominant influence upon individual differences in re- 
. Spect of s (specific factors), but normally it has little if any in 
respect of g’ (1927, Abilities, p. 392). The writer has shown in an 
earlier study that there is a great community of function between 
general intelligence and general scholastic achievement. I 
Spearman is correct in his statement, then general scholastic 


achievement is of necessity little affected by education. Though 
I this may be so to an extent not ordinarily suspected, at least in 
. certain respects it has be 


1 en found by the writer not to be the case- 

s Further data and comment upon this important point are given 

. below in chapter vi [not reproduced here]. 

E From. Spearman's great dependence upon a central fund of 
intellective energy as a highly important category of mental life 
to a view wherein no general factor exists is indeed a far step, but 


. one quite within the realm of possibility, judging b: he data 
B possibility, judging by all t 


The nurture element earlier mentioned as a source of a general 


factor would be a general nurture, i.e., a tendency of the environ- 
ment to stimulate or repress all intellectual development. Over 
and above this there m 


I ay be a nurture operating on particular 
phases only of intellectual life, for example, an environment 
tending to stimulate or repress number ability. In either case there 
Is no way, except by studying different age groups, to differentiate 
between native and acquired traits. Accordingly, with reference 
to the group traits found, we must, while noting Spearman $ 
findings, be content to be concerned with the question of thelt 
existence rather than of the original or acquired nature of theiT 
origins. 
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A trait designated ‘perseveration’ is considered by Spearman 
to be a universal factor. It is an expression of his fundamental 
*law of inertia’. The sensory tests (speed of rotation of a color 
disk to cause fusion; seconds needed for adaptation to darkness) 
employed by Wiersma showed rather systematic differences in the 
case of 11 maniacs, 9 normals, and 18 melancholics. Heymans 
and Brugmans with these same tests and with others obtained, in 
the case of 15 normal subjects, such low correlations that no very 
likely conclusion is indicated from their data. Next, Wynn Jones 
(see Spearman, 1927) tested *77 children about 12 years of age" 
with tests, all of which involve motor activity and habits. The 
attempt was made to eliminate the motor factor by employing - 
other motor tests not involving ‘perseveration’, but this should 
surely be called unsuccessful, because the inter-correlations were 
very low, averaging 0:09, which we may expect to have been due 
largely to the unreliability of the tests. Spearman writes, ‘nothing 
of this diminutive size could possibly account for — or even by 
being eliminated sensibly diminish — the correlations shown in 
the foregoing table'. This is true but altogether insufficient, as 
the author of the correction for attenuation should know, forone | 
cannot partial out a motor factor by partialing out the scores 
on motor tests of very low reliability. Finally, there is the study 
of Lankes involving 47 students in the Islington Day Training 
College (ages and sex not indicated). His array of tests is quite 
extensive, but his inter-correlations are so low, running from 
— 0:05 to 0-51, and averaging 0:22, and his population so small, 
that probable errors are very large. The data are hardly service- 
able in proving the existence of a perseveration factor. From the 
Wiersma, Heymans and Brugmans, Jones, and Lankes data, 
Spearman not only deduces a 'perseveration' factor, but he 
defines many of its characteristics. These data are surely a feeble 
foundation for so imposing a superstructure. The writer believes 
that factors other than g are indicated by these data, but that it is 
hazardous to say more than this. 

A trait called ‘oscillation’ is presented as a third universal - 
cognitive factor, Its experimental foundation is perhaps a trifle 
more adequate than in the case of ‘perseveration’, for the largest 
Population studied of ‘about 80 children aged about 12 years’. 
Here the inter-correlations ranged from 0:00 to 0-44, with an 
average of 0:21. Somewhat more adequate intelligence measures 
were available for this group. 

One further general factor, this time connected with the field of 
conation, is considered to be present. This is Webb’s ‘persistence _ 
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of motives’, and Garnett’s ‘purpose’ factor. The difficulty of 
establishing this is greatly increased by the fact that it is deduced 
from personal judgments and not from objective test scores. 
However, the population was large, *200 students with an average 
age of 21 years’, and the evidence quite clear-cut that there 1S 
more than one factor present — the factors being g and ‘persist- 
ence of motives’ according to Webb, and g, ‘purpose’, and 
‘cleverness’ according to Garnett. A thing much to be hoped for 
is the measurement of these factors in a more objective manner; 
and a more exact establishment of their place in mental life. 

Let us now note briefly other factors which Spearman calls 
group factors, because he considers them of less universality 
than the general factors. There has been no criterion established 
justifying, say ‘perseveration’ as a general factor, and “memory” 
as a group factor. In either instance, and also in the case of £ 
the evidence of the generality of the factor depends upon the 
measures employed in the investigation. With reference to 4 
designated set of measurements through all of which runs 4 
certain factor A, through several of which runs a factor B, and 
in one of which is a factor C, the writer sees a value in the terms 
general, group, and specific; but this value is only in the des- 
criptive power of these terms for the particular situation which 
is being investigated. Given other tests, the A factor might be- 
come specific, the B factor become general, and the C factor 
become a group factor. To determine factors which are not thus 
dependent upon a particular set of tests, it is necessary to utilize 
many measures at once, thus making a very exhaustive survey 9 
the mental ability of the subjects tested. In noting factors reporte 
by Spearman additional to those already mentioned we will not 
draw a distinction between general and group factors. 

There is a memory factor certainly extending to different 
sensory fields and to verbal material. 

One of Spearman’s ‘ideal’ relations is ‘conjunction’, and hie 
findsa factor of this nature. The writer prefers to call it a *num- 
bers’ or ‘arithmetical’ factor as being more descriptive of t 
content and nature of the tests revealing it. 

There is a constructive mechanical ability factor which may be 
related to that characterized by the writer as ‘manipulation © 
spatial relationships’. j 

Dealing with this trait, McFarlane reports that the factor 5 
found in the case of boys and not in that of girls. Certain ot er 
evidence of sex differences is cited, but no extensive treatment © 
sex as a factor in mental life is undertaken by Spearman. There 
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is a great deal of literature bearing upon this matter. Note 
worthy in this is the study already made by Terman, as well asa- 
further investigation by him now under way. They suggest rather 
far-reaching mental differences which are correlated with sex. 
The reader must not conclude because of the criticisms that - 
have been made of Spearman's technique and interpretation that 
there is wide disagreement between his findings and those ofthe |. 
present writer. On the whole the two sets of findings are quite 
remarkably in harmony, the agreements being in the matter of S 
a spatial, a numerical, a memory, and even a general factor, 
though this last is differently interpreted, and also in the con- - 
clusion that a large number of specific motor (probably also 
sensory) factors exist. There is scarcely à disagreement in the — 
matters of music, purpose, cleverness, and sex, though here the — 
data are inadequate. There does seem to be a real disagreement in . 
the importance and extent of a verbal factor and in that c 
mental speed factor [... .] - 
It is admitted that the treatment o 
related treatments by the writer are an inad 
psychological points of view, varied both as to p 


with and methods employed. They may, however, suffice to — 


emphasize the variety of mental activity of which man is master 1 
hich future study will fill. 


and to outline a picture of mental life w 
in. In brief, the boundaries of mental traits are ruts, not far-flung 
indefinite fringes of consciousness. Mental life does not operate - 
in a plain but in a network of canals. Though each canal may have 
indefinite limits in length and depth, it does not in width; 
though each mental trait may grow and become more and more 
2 it does not lose its character and discreteness from other - 
raits. 4 


f the present chapter and - 
equate discussion of - 
henomena dealt | 


5 C.L. Hull 
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Somewhat in contrast to the above is the tendency in recent 
years on the part of certain psychologists engaged in intelligence 
testing. The tests during this period have been of value chiefly as 
indicating capacity and of little or no value as indicating poten- 
tial industry or tendency to put forth effort. It is therefore quite 
natural that with certain psychologists special stress should have 
been placed on capacity or natural endowment and sometimes a 
tendency shown to lose sight of the importance of industry in 
contributing to achievement. 


Illustrative Cases 

But probably all would agree that for any high degree of success 
to be attained, both capacity and industry must be present in 
liberal though not necessarily equal amounts. The most persistent 
effort will accomplish nothing of consequence without at least 
moderate capacity. No more will the greatest natural capacity 
accomplish anything of importance unless accompanied by a 
certain amount of industry. Striking examples illustrating these 
statements are occasionally met with. Take the case of Archie D. 
This feeble, shambling, apologetic little fellow, having somehow 
secured enough education to teach a school in a remote rural 
community, conceived an undying ambition to graduate from 
college and enter a learned profession. At length he found his way _ 
to a small college where feeble capacities were not looked upon 
too severely. Then followed five years of the most persistent 
application imaginable. At the beginning of the sixth year the 
president of the college was forced to tell him that he could never 
hope to graduate. After that the college saw his timid, peering, 
mouse-like face no more. When last heard from he was washing 
glassware in a chemical laboratory. 

By way of contrast may be cited the case of Frank E. This hand- 
some, intelligent young man, slightly tainted by heredity, had 
from boyhood been troubled by a disinclination to put forth 
Persistent effort. During high school and college he got along 
fairly well by occasional spurts of effort in academic emergencies. 
During these brief periods he demonstrated that he had capacity 
Of exceptionally high order. He even passed successfully the 
examinations for the first year of graduate study. After much ~ 
prodding he finally completed the experimental work for his 
M.A. thesis. But when it came to working up the data and com- 
pleting the thesis itself, he stuck fast. He stayed on during the 
following summer, but the thesis was not finished. He returned 
the next September to concentrate all his energies on the thesis. 
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Excerpts from C. L. Hull, Aptitude testing, World Book Co., 1928, 
chapter 6. 


One of the most fascinating problems in the world is that con- 
cerning the ultimate causes of human success and failure. For 
purposes of convenience, the gross determiners of success may 
be divided into (1) those which are accidental or chance factors 
— i.e. those lying quite outside the individual — and (2) those fac- 
tors lying within the individual himself, of whatsoever source. 


Each of these groups of factors may be considered from a variety 
of points of view. 


Capacity versus Industry as Gross Determiners of Success 


One of the most significant contrasts among the factors residing 
within the individual is that between capacity and industry. 
Various opinions have been held as to their relative importance 
in contributing to achievement. In some quarters it is common to 
emphasize the importance of industry. In this vein genius is 
defined as an unusual capacity for hard work. In Somewhat more 
pungent terms it is asserted that Success is made up of *one-tenth 
inspiration and nine-tenths perspiration’. This one-sided emphasis 
is not difficult to understand quite apart from any truth the state- 
ment may contain. When a Person is striving to achieve some- 
thing, whatever special capacity he may have takes care of itself. 
The capacity requires no thought on the part of the striving indi- 
vidual. His attention is absorbed, instead, by the effort he is 
putting forth. When, therefore, a successful person is asked the 
secret of his success, he naturally finds little in his memory of the 
period preceding his Success, except the effort. This, coupled with 
a wholly natural modesty, is likely to lead him to minimize any 
special capacity that may have existed and to assert stoutly 
that anyone else with an equal amount of effort could have done 
as well. It is probable also that inspirational writers and speakers 
have contributed much to the propagation of this view. Since the 
natural capacities of those they seek to uplift cannot be expected 


to yield to their efforts, they quite naturally turn to the volitional 


side and stress the importance of industry, which may really be 
stimulated. 
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Somewhat in contrast to the above is the tendency in recent 
years on the part of certain psychologists engaged in intelligence 
testing. The tests during this period have been of value chiefly as 
indicating capacity and of little or no value as indicating poten- 
tial industry or tendency to put forth effort. It is therefore quite 
natural that with certain psychologists special stress should have 
been placed on capacity or natural endowment and sometimes a 
tendency shown to lose sight of the importance of industry in 
contributing to achievement. 
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effort will accomplish nothing of consequence without at least 
moderate capacity. No more will the greatest natural capacity 
accomplish anything of importance unless accompanied by a 
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Statements are occasionally met with. Take the case of Archie D. 
This feeble, shambling, apologetic little fellow, having somehow 
Secured enough education to teach a school in a remote rural — 
community, conceived an undying ambition to graduate from — 
college and enter a learned profession. At length he found his way 
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too severely. Then followed five years of the most persistent 
application imaginable. At the beginning of the sixth year the 
president of the college was forced to tell him that he could never 
hope to graduate. After that the college saw his timid, peering, 
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glassware in a chemical laboratory. 

By way of contrast may be cited the case of Frank E. This hand- 
Some, intelligent young man, slightly tainted by heredity, had 
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examinations for the first year of graduate study. After much — 
Prodding he finally completed the experimental work for his 
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Dleting the thesis itself, he stuck fast. He stayed on during the 
following summer, but the thesis was not finished. He returned 
the next September to concentrate all his energies on the thesis. 
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At the end of the year, during which nothing else was done, the 

thesis was hardly started. He remained through the following 

J summer and returned once more in September. During this second 

year also no other work of any kind was attempted. He was en- 

— couraged, prodded, and threatened in turn. Finally, after two full 

years of sincere daily resolution to work at the thesis, yet rarely 

. doing so, he was induced to show what he had accomplished. He 

exhibited a series of computations which could easily have been 
performed in a week of ordinary application. 


- Relative Importance of Capacity and Industry as Gross 
Determiners of Success 


. The spectacle of such extreme asymmetries of development is 
indeed painful. Fortunately, in the degree represented by the 
above examples, they are comparatively rare. And while they 

illustrate very well the need of both capacity and industry for 
success, they give us no light on the relative importance of the 

= two factors when combined in amounts within the ordinary 

_ range. There is, however, a certain amount of scientific evidence 
bearing on this question, although, like so much of such evidence, 
it comes from the rather narrow field of scholastic achievement. i 

. T. L. Kelley had teachers rate first-year high-school students on i 
(1) intelligence, (2) industry, and (3) interest in their work. He 1 

then sought to determine the relative part contributed by in- E 

telligence (capacity) and industry in determining scholastic —— 

Success as measured by the average mark at the end of the year. 

He finally concluded, after considerable statistical analysis, thàt 

intelligence and industry contribute to scholastic success about 

_ in the proportion of 60 to 40 respectively. | 

|. A second investigation bearing on the same point was carried 

2 out by Mark A. May at Syracuse University. He gave the fresh- 
man class a very elaborate series of the best available group tests 
- of scholastic intelligence or mental alertness. The scores from : 

3» these tests were taken as a measure of scholastic capacity. In 

ü addition he had them each fill out a questionnaire stating how 

much time was spent per week on each of various activities. 

_ Among these was the amount of time spent in study. The answer 
to this latter question was the real point of the questionnaire 
and was taken as the best procurable measure of scholastic 
industry. A figure derived from all their university grades Was 
taken as a measure of academic success. With these data it was 
possible to secure some indication as to the relative importance 

. of capacity and industry in determining the academic success 9 
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university students. Computations from May's published results | 
indicate that capacity and industry should receive weights in the — 
proportion of 58 to 42 when estimating academic success. These - 
results accordingly support in an interesting manner the findings — 
of Kelley published some ten years previously. The obviously 
imperfect methods necessarily employed by both investigations 
in measuring the variables, as well as some uncertainty as to the - 
exact significance of the weights found, make us cautious in- 
drawing conclusions. Still, their general harmony with ordinary - 
Observation as wellas with each other indicates that they probably — 
are not far from the truth, at least with respect to scholastic 
success. It would not be surprising, however, if future investiga- 
tion should reveal many vocations or lines of activity in which the 
preponderance swings decidedly in the direction of industry at 
the expense of intelligence or capacity. 


Are the Able or the Poorly Endowed the More Industrious? 
The question as to whether a person of superior capacity is likely 
to display more or less than average industry is of considerable 
importance. In Kelley's study mentioned above the two were 
found positively correlated to the extent of 0:61. This means that 
upon the whole children estimated by their teachers as of super- 
ior intelligence were rather generally estimated to possess superior 
industry. May reports, on the other hand, a negative correlation — 
(—0-35) between intelligence-test score and number of hours 
spent in study per week. This tendency has frequently been — 
Observed by others. May's negative correlation means that on the 
whole the more intelligent university students studied less than 
the more poorly endowed, though there are many exceptions. 
The two investigations thus appear superficially to be in conflict. 
The high positive correlation of Kelley may be accounted for in 
part at least by assuming that his teachers were not able to dis- 
tinguish clearly between capacity and industry, since both - 
Obviously combine to produce the same school behavior. May's 
results, on the other hand, are free from the difficulty just men- 
tioned and doubtless represent the facts of his situation rather 
accurately. Indeed, it is well known that poorly endowed students - 
are likely to study more than well-endowed ones. This naturally 
results from the pressure put upon the poorly endowed to main- 
tain the minimum standard of performance. But since there is 
little in most life situations that resembles a ‘passing mark’, the — 
negative correlation found by May loses much of its generality. — 
The most general statement that can be made in the light of the 
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available evidence is that the well endowed are probably a little 
more likely to be industrious than the poorly endowed, but not 
much. 

i Intimately connected with industry and success is the interest 
in or the liking for a given activity. Indeed, liking for a given 
kind of activity undoubtedly determines in large part the amount 
of industry and success displayed in it. It is notorious that people 
find time to do the things they like to do and discover an astonish- 
ing variety of excellent reasons for not doing the things which they 
dislike. In harmony with the results of general observation, 
Kelley found, in the investigation previously referred to, that the 
interest of high-school students in their work as judged by teachers 
was correlated to the extent of --0-68 with industry or con- 
scientiousness. This indicates a very considerable similarity, as 
such relations go, though by no means a complete identity. 
When the two factors were definitely compared as to their im- 
portance in determining (estimating) average scholastic success, 
Kelley found that the interest factor was only about half as im- 
portant as industry. 


Correlation of the Interests of the Individual with His Abilities 


Kelley was concerned with general interest and average success. 
In contrast with this, Thorndike attempted to determine how far 
the degree of a person's special interest in each of a variety of 
School subjects was associated with a corresponding degree of 
academic success in the same subject. He had 100 third-year col- 
lege students rank themselves as to their interest in mathematics, 
history, literature, Science, music, drawing, and handwork such 
as carpentry, sewing, etc. The ranking was done not only for the 
college period, but also (separately) for the high-school period 
and for the later elementary grades, as these were remembered. 
Ata later date he had them rank their abilities as estimated on the 
same seven subjects for each of the same three periods. Some 
years later the experiment was repeated in detail with 344 
students, with almost identical results. He found that in general 
the order of a person's interests for any given period correlated 
+0:89 with the order of the same person's estimates of his 
abilities for the corresponding period. But when the order of 
interests in the elementary school was compared with the order 
of estimated abilities in the college, some eight or nine years later; 
the correlation fell to +-0-66. Thorndike, while recognizing 
certain weaknesses in his data, believed that they showed the 
importance of early interests as symptomatic of later success. 
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In order to test the validity of Thorndike’s assumptions, 
Bridges and Dollinger repeated the above experiment, but with — 
an additional feature. They found interests correlating with — 
estimated abilities to the extent of +-0-57, which is high but some- 
what lower than found by Thorndike. At the end of the semester, 
however, they correlated the interests with the grades actually 
received by the students. The correlation obtained was only 
+-0-25. It is interesting also to note that the estimated abilities. 
correlated only +0-28 with their actual abilities as shown by the — 
grades received, thus showing a markedly feeble capacity of the 
subjects accurately to rate their own powers. This investigation 
seems to indicate that the relation between interest and achieve- - 
ment, while positive and real, is distinctly less than Thorndike - 
Supposed it to be. 

Along the same line of inquiry, Franklin attempted to discover — 
whether interest, as indicated by the choice of vocation, is 
associated with any special capacity in the type of activity chosen. 
He tested 635 7-B pupils in a junior high school with two standard - 
group intelligence tests. Of these children 135 had expressed a - 
choice for a clerical career. Computation from Franklin's pub- 
lished results shows that the 135 clerical students gave an average 
intelligence quotient of 99-3, whereas the remaining 500 of the. 
original 635 gave an average intelligence quotient of 106-5. The 
clerical students, accordingly, rate distinctly below the remainder 
of the group in the mentality measured by these tests. Next - 
Franklin gave to the same students the Columbia Institute of — 
Educational Research clerical test, which is designed to give a 
Special prognosis of clerical aptitude. In this test the 500-group - 
averaged 34-8 points, whereas the 135 clerical reversed the score — 
they received on the intelligence test, making the very high average . 
of 47.5, Franklin accordingly concludes that interest is un- - 
doubtedly a potent factor in aptitude for success. J 


Importance of Fortuitous Circumstances as Gross Determiners — 
of Success ZÉ 


Turning now to the accidental or chance factors, we shall con- 
sider the role of those causes lying quite outside the individual 
himself. There is no question but that chance factors, such as _ 
Special opportunities on the one hand and special ill fortune on. 
the other, play a genuine part in determining the degree of individ- - 

ual success or failure. It is also evident even to ordinary observa- x 
tion that the importance of fortuitous circumstances varies 
greatly in the lives of different individuals as well as in different 
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types of activity. Unfortunately, owing to the absence of precise 
evidence on the point, we can at present only conjecture t| 
quantitative importance of these factors. But since a well-co 
sidered guess may have some value even if it serves no other. 
purpose than to raise the question in a specific manner, one will 
be ventured for what it is worth. The writer's estimate is that, 
upon the whole, purely chance factors contribute to the aggregate 
of the determiners of individual success somewhere between ten 
and twenty per cent. 

Owing to the inherently unpredictable nature of chance 
occurrences, it may seem at first sight that the behavior resulting 
from this, the fortuitous component of the determiners of success, 

. might be forever hidden from the psychologist who would fore- 
cast individual achievement. This is true only in part. Fortunately 
a portion of the chance happenings in question antedate by 
months and years both the prognosis and the activity whose 
success or failure is being predicted. These antecedent, chance 
determiners of individual success are thus likely to be known 
and may therefore be taken into consideration. This may be done 
in two fairly distinct ways. 

In the first case the fortuitous circumstance may be known to LA 
the psychologist by verbal report of the subject or otherwise and - 
may be utilized directly in making the prognosis. An obvious 
example of this is the case of a subject who has lost sight or hear- ! 
ing through an accident, which fact alone would reduce to the - 

vanishing point the possibility of success in certain forms of 3 
activity. A very different example is offered by the subject who 
has been badly spoiled as a child, though the prognostic signifi- 
cance of such a circumstance for any given kind of success - 
might be difficult to estimate. Other chance factors which might — — 
_ be mentioned are the possession of wealth through inheritance, 
influential relatives, the type of educational institutions attended, 
etc. As a final example may be mentioned the fact, recently dis- 
. covered, that married men with one or two children are likely to 

see more life insurance than unmarried men or married men whose 
J wives are employed. 

In the second case the fortuitous circumstance, while not known 

to the psychologist directly, may influence in a significant manner 

the subjects behavior in an interview or in his responses to 

various psychological tests, and in this way aid in the prognosis. 

One of the most obvious examples of this is the well-known man- 

ner in which the nature of previous educational opportunities: 
influences the performance of subjects on ordinary intelligence 
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tests. Also, most individuals retain powerful emotional tenden- 
A "ues prejudices, preferences, etc., which have been produced by 
v ance experiences. No doubt in time tests will be devised which 
will reveal more or less completely such tendencies, even though 
the circumstances giving rise to them may have been quite for- 
gotten by the subject. 

In conclusion, we may summarize the foregoing evidence as to 
the relative importance for success of the determining factors 
> considered above. Assuming each to be disentangled from the 
complex overlappings of the others, their respective contributions 

are judged to be approximately as follows: 


- Capacity or ability 5075 
G Industry or willingness 35% 
: Chance or accident 155 


=] 
-.. The above quantitative estimate is made with full appreciation 
© ^ of the probability that as scientific evidence accumulates in this 
field, the percentages will require revision, possibly to a very 

3 considerable degree. 


Problem of Generalization versus Specialization of Traits 
In considering the gross determiners of success, ability and in- 
dustry have been treated as unanalyzed and undifferentiated 
wholes. In this way we have obtained a preliminary survey of the 
— human factors involved in aptitudes. But before any very satis- 
r factory advance into the essential psychology of special apti- 
tudes can be made, we must seek to understand more fully the 
1 inner structure and organization of the behavior upon which 
-aptitudes are based. . ENS 1 

One great question to be considered in this connection is the 

extent, if any, to which various traits are generalized. Is a man 
equally industrious in all things, or does he have different amounts 
of industry for different kinds of activity 7Ishe equally industrious 
- or lazy in looking after business matters, playing bridge, cleaning 
1 out the furnace, helping his wife purchase millinery, fishing for 
1 brook trout, soliciting funds for charity, and so on? Are people 
honest in general, or are they scrupulous in some things while 
being just ordinarily honest in others? Are people generally 
aggressive, or are some people mainly aggressive with respect 
to persons, others mainly aggressive toward things, and still others 
mainly aggressive toward theoretical problems or ideas? Does 
the individual show an equal amount of neatness, generosity, 
courtesy, patience, speed of decision, or courage in all situations? 
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Does he discriminate the meanings of words with the same pre- 
cision as he discriminates the pitch of tones or the merits of 
business proposals? Is his power of analysis the same for 
spatial patterns, logical fallacies, human motives, and problems 
in machine design? These and hundreds of similar problems 
which might be mentioned are not mere matters of academic 
interest. On the contrary they are fraught with the greatest 
significance in connection with the methods, possibilities, and 
future of aptitude prognosis. 

The final answer to many, if not all, of the questions raised 
above must await further investigation. Many of them have 
received little and some practically no attention from scientific 
psychologists. This is particularly true of moral and character 
traits because of the difficulty of carrying out objective experi- 
ments on them. Accordingly, in those fields where experimental 
evidence is largely lacking we must for the present judge the 
situation as best we can on the basis of observation. The verdict 
by this method would seem to be that moral and character traits 
are neither wholly specialized nor wholly generalized. There ap- 
pears to be a certain tendency to generalization, but in most cases 
it is probably not very strong. The chances are that in personal 
industry, for example, the various potentialities of this trait 
possessed by any given individual in a hundred of his possible 
activities, chosen at random, will show an appreciable tendency 
to cluster in some one part of the possible range, but that despite 
this tendency the scattering will be very wide. 


Spearman’s Theory of General and Specific Factors as Aptitude 
Determiners 

Fortunately, in the extremely important field of ‘intelligence’ a 
great deal of careful work has been done. The problem was first 
attacked by C. Spearman, an English psychologist, who pub- 
lished in 1904 an epoch-making article on the subject. He showed 
what has now become commonplace, that all kinds of intelli- 
gence tests tend to be positively correlated with each other. In 
fact, genuine negative correlations in this field are almost un- 
known. In addition he called attention to the fact that if all the 
possible correlations among a set of intelligence tests be calculated 
and then certain of these coefficients be picked out and arranged 
in a series of decreasing size, all the other coefficients, when 
arranged by lists in the same order as the first, tend also to fall 
into series of decreasing size. It is perfectly obvious that some 
causal factor must be at work here, since chance alone would not 
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Showing the famous Hierarchical Order! of Spearman into which 
Correlation Coefficients may often be arranged (adapted from 
Spearman) 

Note that as one moves down any column or to the right on any row 
the coefficients grow smaller with considerable regularity 


Mathe-  Discrim- 
d Classics French English matics ination Music 


Classics +083 +078 ‘+070 +066 --0:63 


French +0-83 +067 +0-67 +065 +0:57 
English +0:78 -+0-67 +064 +054 +0°51 
Mathematics -+070 +067 +0-64 +0-45 +051 
. Discrimination +066 +065 +054 +0-45 +0:40 


Music +063 +057 +051 +051 +0:40 


produce such a situation. Interpreting these results by means of 
certain ingenious and subsequently fruitful mathematical formu- 
lae, Spearman concluded that intelligence is generalized to ate 
rather high degree. He believed that the positive and fairly - 
high correlation found among all intelligence tests was due to the — 


Table 28 


Showing the Organization of Aptitudes According to an Extreme 
"Two-factor Theory’ 2 
Factor | is a general factor, since it is a component in all aptitudes, 

Whereas the others are specific factors, since each appears in only a 
single aptitude. The amount of aptitude ‘A’ possessed by a given person - 
is determined by the amount of general factor I together with specific - 
factors III and V. 


Factors or determiners 


Aptitude 
1 N HI IV V VI VII Vill IX X XI XI XIII XIV XV XVI 
A x x x d 
B x x x x 
[e] x x x 
| D x x x x x 
E x x x 
F x x x 


2 
n 


1. It should be stated that the hierarchical order as evidence of the two- 
actor theory was only a makeshift. More recently a far more precise 
method known as ‘tetrad differences’ has been devised by Dr Holzinger 
and used extensively by Spearman. There is, however, no essential differ- 
ence in the basic logic of the two criteria. 
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presence of a single common factor which he was inclined to call 
*general intelligence". . . 
According to Spearman's original view, a person's success in 
any given activity was determined by two factors or sets of 
determiners. There was in the first place the general or ‘g’ factor 
which was supposed to be present in all intellectual activities. 
This is indicated by factor I of Table 28. In addition there was 
supposed to be a group of special or specific factors (s), which, 
jointly with the general factor, determined the degree of success 
in the activity. These specific factors were at first regarded as 
very special indeed in that they would never be found at all 
. except in some other activity almost identical in nature. They were 


thus supposed to be all but unique. They are represented by 
. determiners II to XVI of Table 28. 


Aptitudes as Determined by Specific Factors 


Spearman's work at once gave rise to attempts to test his 
theories by further experimentation. Some experimenters re- 
ported results apparently confirming Spearman's contentions, 
others results which were regarded as indicating that no such 
thing as a generalized intelligence exists. Among the latter, E. L. 
. Thorndike was much more impressed by the elements of unique- 
ness found in the various tests than by the indications of a general 
factor. The extreme form of this contrasted theory is illustrated 
by Table 29. Spearman, however, insisted that the results of all 


Table 29 


Showing the Organization of Aptitudes According to the Extreme 
Specific Factor Theory 
The determiners are all sp 


t ecific, none appearing in more than à 
single aptitude. 


I — 


Factors or determiners 
Aptitude 


IH HLIV V VI VII VII IX X XI XII XIII. XIV XV XVI 


experiments alike were completely in harmony with this theory 
of two factors, provided they were first treated according to his 


special mathematical methods. 
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Aptitudes as Determined by a Combination of Group and Specific 
Factors 


At this juncture Godfrey Thomson appeared on the scene with a 
destructive criticism of Spearman’s mathematical methods of 
treating his empirical data so as to bring them into apparent 
harmony with his theory. Thomson was able to show by means 
of certain ingenious dice-throwing experiments that hierarchies of 
correlation coefficients similar to those taken by Spearman as 
evidence for a general factor can be produced when a general or 
common factor is known not to be physically present.t In these 
dice-throwing experiments Thomson had, instead of a general 
factor, a number of group factors of various degrees of generality 
together with numerous specific factors, the latter in accordance 
with the Spearman view. A group factor is understood as one 
which is a component of a larger or smaller number of aptitudes 
but not of all. A group factor is accordingly less general than the 
Spearman general factor but more general than a specific factor. 
Thus in Table 30 there appear numerous group factors such as I, 
II, and IV. Specific factors such as III and VII appear just as in 
the Spearman theory. Thomson admitted that a general factor 
might exist, but he held that its existence had not been proved. 
His main point was that group factors of various degrees of gen- 
erality do exist. . 

Thomson’s dice-throwing experiments were followed by an 


Table 30 


Illustrating the Organization of Aptitudes According to the 
Thomson Theory of Group and Specific Factors 

Factor I is a group factor, since it is a component of several aptitudes, 
while III is a specific factor, since it appears in only one aptitude. 


Factors or determiners 


Aptitude 

ININ IV V VI VII VIII IX X XI XII XII XIV XV XVI 
A x x x x T K 
B x x x x x x 
c x x x x 
D x x x x x 
E x x x x 
F x x x x 


g 
2 


,. 1. The common or general factor was absent in the sense that it is absent 
us Table 30; i.e., certain factors were common to several of the variables, 
ut no factor was a physical component of all as may be seen by inspection. 
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important mathematical paper by Garnett. In this it was shown 
that the correlation hierarchies secured by Thomson through the 
action of numerous group factors (such as shown in Table 30) 
could be expressed equally well as having resulted from a general 
and a specific factor. But the physical fact is that in Thomson’s 
dice-throwing experiments the factors were not so divided. 
‘Nevertheless the tetrad equation was almost perfectly satisfied.’ 
This is frankly admitted by Spearman. Garnett's paper thus 
amounts to a general mathematical proof that all of Spearman's 
criteria adduced as evidence of the two-factor theory are satisfied 
by numerous overlapping group factors. This is, of course, 
exactly Thomson's contention.! 

It must be emphasized that Spearman recognizes, in addition 
to the general intellectual factor g, several other general or wide- 
range group factors of a non-intellectual nature. One of these is 
called c and is thought of as quickness, originality, or cleverness. 
A third general factor which is regarded as having been experi- 
mentally isolated is the tendency to oscillate or fluctuate in the 
general level of behavior efficiency. A fourth general factor, called 
w, is thought of as the persistence of motives resulting from 

.. volition or will. Lastly, there is a broad group factor which is 
supposed to appear in mechanical ability and is regarded by 

_ Spearman as related to the ‘instinct to play with mechanical 

toys’. 

3 
Implications of the Various Theories of Aptitude Determination 
We may now pause to note the implications of the various 
theories of the nature of aptitude determination (assuming each 
in turn to be true) upon the possibilities of aptitude testing. It will 
be convenient to begin with the extreme theory which recognizes 


1. Just as the present work was going to press the author had the privilege: 
through the courtesy of Dr K. J. Holzinger, of reading in manuscript an 
important paper by Stuart C. Dodd. Dr Dodd shows mathematically that 
a strict group-factor theory, substantially like that put forward in the follow- 
ing pages, is rigorously consistent with the known facts of test and aptitude 
behavior. It may be added that, like the present writer, Dodd also abandons 
the specific factors. He finds that both Thomson and Spearman have been 
essentially right in their contentions, but each in a different sense. The 
present indication seems to be that a strict group-factor theory fits the actual 
physical determiners of aptitude and test abilities. These are probably wha! 
most psychologists think of as factors or determiners. But Spearman) 
central factor also appears to exist, possibly as a kind of mathematica — 
expression of the totality of all the group factors. A central factor in the 
sense of Table 28 is clearly no longer held by the Spearman school, ! 
indeed it ever has been. Thus a final agreement seems gradually approaching: 
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only specific factors. Pressed to its logical limit, this specific-factor 
theory would hold that the factors determining success in all 
activities — both aptitude behavior and test behavior — can be 
found in no other activity whatever; ie., that they must be 
absolutely unique. Thus a test activity could never contain any 
of the determiners found in an aptitude activity. There could there- 
fore never be a correlation between the two. It is clear that such a 
Situation would preclude any aptitude testing in the ordinary - 
meaning of the term. There would remain, however, the possibility 
of utilizing a sample of the entire aptitude activity itself as a means 
of determining aptitudes. This would involve a kind of trial 
apprenticeship system. It is interesting to note that such a system 
has received a certain amount of favorable consideration. 

We pass next to the aptitude implications of the theory of 
combined general and specific factors, assuming it, in turn, to 
be pressed to its logical limit. Because of the presence of the 
general factor in all activities (both in aptitude behavior and 
test behavior), tests would always correlate with aptitudes. In- 
deed, it would be impossible to find tests which would not 
correlate with every aptitude. Because of this it should be rela- 
lively an easy matter to secure tests which would give a fair indica- 
tion of the general level of a person's ability as dependent on this 
general factor. Such a test should be useful in employment work, 
Where the main interest is usually in discovering whether one 
person is more promising than another for a given job. The more 
important the general factor as a component determiner of suc- 
cess in a given vocation, the more valuable such a test would be. 
Conversely, the larger the number of specific factors involved in 
an aptitude, the less valuable such a test would be. This would be 
true for the same reasons that explain why a strict specific factor 
theory would preclude all testing in the ordinary sense. 

It is interesting to note that since, according to this theory, 
each person has a certain quantum of this general factor, he will 
be equally effective in all aptitudes in so far as they depend upon 
this factor. Tt follows that any differences which a person may show 
in the efficiency of his various aptitudes must be due to specific 
factors. But inasmuch as the very specificity of such factors must 
preclude their being reached by tests, the two-factor theory would 
Preclude the possibility of forecasting by means of ordinary tests 
whether a person would be more effective in one aptitude than 
another. It would be impossible to differentiate the aptitudes 
within an individual. On this theory, a vocational guidance based 
On psychological testing would be impossible. There would of 
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course remain, just as in the case of the strict specific-factor 
theory the possibility of determining the differences among 
the aptitudes of an individual by means of try-outs in the activities 
or vocations in question, either actually or by means of elaborate 
miniature tests. 

Turning now to the Thomson theory of group and specific 
factors, we find it clearly offers greater possibilities in the way of 
aptitude testing than does either of the two theories already con- 
sidered. This is due to the assumed presence of group factors, 
but is in spite of the specific factors. The implications of group 
factors for aptitude testing will be taken up in connection with the 
following theory of aptitude determiners upon which the present 
work is based. 


A Strict Group-factor Theory of Aptitude Determination 
The writer’s view of the constitution of aptitudes and tests may 
best be characterized as a strict group-factor theory. It agrees with 
Thomson in not assuming any universal factor or determiner 
running through all possible human activities. It differs, on the 
other hand, not only from Spearman and Thorndike, but from 
Thomson as well,! in rejecting specific or unique factors. As to 
the universal factor, it may be regarded as doubtful whether 
Spearman himself has ever believed his general factor to be a 
constituent of every possible aptitude or ability. He seems rather 
to limit it to those activities which are ‘intellectual’, For exam- 
ple, he remarks that ‘all branches of intellectual activity have 
in common one fundamental function'. (Italics ours.) It is quite 
obvious, of course, that if there were numerous non-intellectual 
activities which did not involve this general intellectual factor, 
the latter would actually be nothing more than a wide-range 
group factor so far as a really comprehensive theory of aptitudes 
is concerned. In regard to the specific factors it may be said that 
if we assume even a single unique factor or determiner to be in- 
volved in each of the multitudinous activities that a human being 
is capable of performing, it would imply a prodigality of special 
organic mechanisms quite out of harmony with what we know 
of biological economy. Moreover, once group factors have been 
postulated, there seems no particular reason for assuming the 
existence of specific factors. 

1. In a private communication to the writer Thomson states that he is at 
present (1927) inclined to postulate group factors without either general or 
specific factors, but he seems to have published no definite statement O 


this position. In what is probably the most adequate account of his view 
the example which he gives includes 13 general and 57 specific factors- 
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The implication of a strict group-factor theory for aptitude 
psychology may now be considered. Group factors, exactly 
asa universal or general factor, permit of the possibility of finding 
tests which may correlate with aptitudes. But group factors pos- 
sess the added theoretical advantage of the possibility that a test 
may correlate with one aptitude while not correlating at all with 
another. This is of great importance. Thus, group factors make it 
possible that independent tests a and b (Table 31) may correlate 


Table 31 
Illustrating how Group Factors make Possible the Differentiation 
of Aptitudes by Means of Tests 

An inspection of the determiners constituting the four activities 
show that with a given individual the score of test a might be high and 
that of test b might be low, since the two are not correlated. But because 
of the high correlation between each test and its aptitude, such test 
scores would indicate strongly that A would be high and B would be 
low. Thus the two aptitudes would be differentiated by means of the 
tests. 


Factors or determiners 


Activity I H m IV V VI VH VII 
Aptitude A x x x 
Test a x x 
Aptitude B x x E 
Test b x x 


respectively with aptitudes 4 and B and yet at the same time 
neither test correlate with the other aptitude. This situation would 
result if test a were dependent upon some of the same group factors 
as aptitude A but not upon any found in aptitude B, while test b 
were dependent upon some of the same group factors as aptitude 
B but not upon any found in aptitude 4; and lastly if test a 
contained none of the factors found in test b. Such a situation 
is shown in Table 31. Under such conditions, or under conditions 
approaching these, it clearly would be possible to tell within 
limits whether a given subject would have greater ability in 
aptitude A or aptitude B merely from knowing the scores in 
tests a and b. In other words, the existence of group factors would 
permit the possibility of differentiating the potential aptitudes ofan 
individual by means of tests. This, as we have already seen, a 
strict two-factor theory does not do. 
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It follows from the foregoing that a decisive indication of the 
existence of group factors would be furnished if it could be 
demonstrated that differences between the amounts of certain 
aptitudes possessed by an individual could be determined on the 
basis of ordinary test scores. This we have already seen appears 
to have been accomplished, though the matter needs a more 
rigorous investigation. It is doubly significant that this differen- 
tiation took place within the relatively restricted field of ordinary | 
academic aptitudes. It should be much easier to accomplish 
where the aptitudes to be differentiated were more distinct. 


The Theory of Aptitude or Behavior Levels l 


Assuming the existence of complex group factors as determining 
particular aptitudes, we at once meet the question as to whether 

_ these group factors so combine as to produce certain distinct 

.. groups or levels of aptitudes. The aptitudes within a level would, 
it is assumed, correlate highly with other aptitudes in the same 
level but relatively low with aptitudes in other levels. Thorndike 
has put forward such a theory, which assumes three kinds of in- 
telligence: mechanical, social, and abstract. More recently Toops 
has suggested the addition of a fourth, which he calls ‘clerical 
intelligence’. Thorndike states his view of the relations existing 
among aptitudes as follows: 


A perfect description and measurement of intelligence would involve 
_ testing the man's ability to think in all possible lines. .. , For ordinary 

practical purposes, however, it suffices to examine for three ‘intelli- 
gences’ which we may call mechanical intelli 


— knife, gun, mowing machine, automobile. boat. 


intelligence is meant the ability to understand 
Symbols such as words, numbers, chemical or 
decisions, scientific principles, and the like. .-- 
intelligences a man displays relatively great 
ho learns carpentering quickly and well could 


annot learn algebra, history, and | 
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great disparity. The best mechanic in a factory may fail as a "E. 
from lack of social intelligence. The whole world may revere the — 
abstract intelligence of a philosopher whose mechanical intelligence 
it would not employ at $3.00 per day.! 


The above statement of Thorndike’s was unaccompanied by 
evidence and was probably intended merely as a shrewd con- 
jecture or hypothesis. Recently, Freyd has reported experimental | 
results bearing on two of the supposed intelligences of Thorndike — 
- the social and the mechanical. He made a rather intensive 
study of 30 men enrolled in a course for life-insurance salesmen. 
These were taken as a typical group who might be expected to _ 
possess more than average social intelligence. By way of contrast — 
he carried out a similar study on 30 senior men enrolled in a 
technical, rather mechanical, course designed to fit men to be — 
executives in industry. In addition, several other groups were - 
examined for purposes of corroboration. Various psychological 


questionnaires. In many respects the two groups were found not - 
to differ materially. There was, for example, no material difference | 
between the two groups on a modified form of the Army Alpha - 
intelligence test. But a number of characteristic differences were 
found in other directions. It was found that, on the whole, the 
sales group was able to disguise handwriting more readily than — 
the industrial group. The salesmen were somewhat less positive 1 
of their correctness in a memory test, they were less self-conscious - 
and less able to inhibit a tendency to write fast on a slow-writing 
test. On a written form of the Kent-Rosanoff Association Test - 
it was found that the sales group had a distinctly greater tendency 
to commonality or conventionality of response. When asked to 
indicate their likings for a variety of vocations, the sales group _ 
with considerable uniformity showed a preference for those - 
vocations in which they would be concerned mainly with people, 
Such as acting, preaching, and especially salesmanship. The indus- 
trial group with equal consistency preferred dealings with inani- - 
mate materials. They were more attracted by the vocation of 
astronomer, locomotive engineer, tool maker, watchmaker, etc. 
Some curious differences showed up in various miscellaneous - 
directions. The sales group tended to like fat men, the industrial 
group to dislike them. Thesale group preferred the satirical periodi- 
cal Life, while the industrial group preferred the serious, liberal _ 
New Republic. Rather reliable character ratings by the men them- 

selves, and parallel ratings by other persons given as reference: 

1. Reproduced by permission of Harper's Magazine. 
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indicated that the salesmen tended to be more excitable, more 
self-confident, and more open-hearted, and that they made 
friends more readily. There were also tendencies, though some- 
what less pronounced, for the salesmen to be more wide-awake, 
more good-natured, more adaptable, more talkative, more neat, 
and less self-conscious than the industrial group. The sales group 
appeared to be distinctly more credulous regarding popular 
pseudo-science, such as astrology and phrenology, and to accept 
uncritically popular opinion or slogans such as ‘All men are 
created equal’ or *Unstinted service is always rewarded'. The 
sales group wrote more social letters, learned to dance at an 
earlier age, and included a much higher percentage of smokers. 

Taken as a whole, Freyd's results present a picture quite 
in harmony with general belief and expectation. They show 
pretty clearly that persons with certain traits tend to choose 
the one occupation and that persons with opposite traits tend to 
choose the other. So far as these traits go, the two groups are 
opposite or extreme. But since choice is not necessarily a guaran- 
tee of success in the vocation chosen, the exact significance of the 
various differentiating items as to vocational aptitude or success 
is not clear. In general, Thorndike's position regarding the three 
intelligences has not found much Support. There is little evidence 
for types here except as extremes of distributions. Probably most 
persons would fall about midway between the extremes represen- 
ted by the above two groups of subjects. 


Intellectual and Motor Abilities Conceived as Levels 


Meanwhile there are other possibilities. As experimental results 
have accumulated there has gradually emerged a fairly marked 
distinction between intellectual abilities and intelligence tests on 
the one hand and motor abilities and motor tests on the other. 
This distinction is so marked that it suggests the two abilities 
as possible levels in Thorndike's sense. For these two classes of 
abilities to conform to Thorndike's criteria of separate intelli- 
gences, three conditions should be found: (1) There should be a 
high correlation among various tests of intelligence, (2) there 
should be little or no correlation between intelligence tests and 
motor tests, (3) there should be a high correlation among various 
motor tests. The results from a rather large amount of careful 
experimentation show that two of the three conditions are 
approximately fulfilled. The third condition, however, pretty 
definitely is not. 

1. It has long been known that intelligence tests show a marked 
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Table 32 

Showing the Correlations Among the Various Tests in the Army 
Alpha Intelligence Test Battery. These Coefficients are Based on the 
Test Scores from about a Thousand Recruits. (Memoirs National 
Academy of Sciences, 1921, Vol. XV) 


No. Description of test 1 2 8 4 S 6 7 8 


1 Directions 1-00 0-73 0:59 071 0-69 0-68 0:67 0:66 
2 Arithmetic 073 1:00 0:75 0:79 0-76 077 074 0:74 
3 Practical Judgment 0-59 0-75 1:00 0-81 0-75 061 0:67 0-78 
4 Synonym-Antonym 0-71 0:79 0-81 1-00 0-83 0:68 0-73 0:86 


5 Disarranged 

Sentences 0-69 0:76 0-75 0-83 1:00 0:67 0:78 0:82 
6 Number Series 0-68 0:77 0:61 068 0-67 1:00 0:70 0:69 
7 Analogies 0-67 0:74 0:67 0-73 0:78 0:70 1:00 0-67 
8 Information 0-66 0:74 0-78 0-86 0-82 0-69 0:67 1:00 


tendency to correlate highly with one another. Asa rather extreme 
example of this may be cited the correlations among the eight 
tests comprising Army Alpha. These results conform to the first 


condition. 


Table 33 
Showing the Correlations between Various Forms of Intellectual 
and Motor Activity 


Intellectual Correla- 
activity Motor activity tion Author 
Army Alpha Bogardus apparatus --0:03 Perrin 
» » Card sorting 4-0:02 " 
» » Coördinate tracing +0:10 as 
University marks Bogardus apparatus —0:17 5 
B s» Card sorting +0-01 m 
m sy Coórdinate tracing 4-0:21 E 
Intelligence test Test of physical efficiency 
. (jumping) --0-11 Englehardt 
University marks Test of physical efficiency 
(jumping) --0:29 » 
Army Alpha Motor ability as rated by 
three gymnastic teachers --0-02 Garfiel 
: Intelligence test Stenquist Mechanical 
Assembly +018  Toops 
Army Alpha Stenquist Mechanical 
Assembly --0-14  O'Rorke 
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2. The various forms of intellectual behavior show an equally 
marked tendency to correlate low with characteristic motor 
behavior. As illustration of this tendency may be cited the data 
of Table 33, which have been compiled from a variety of sources. 
Thus condition (2) is satisfied. 

3. Motor tests, as a general thing, do nor correlate highly with 
each other. This is contrary to condition (3) laid down above as 
demanded by a theory of levels. The fact seems first to have been 
noted by Perrin. He gave three complex motor tests and fourteen 
simple motor tests to 51 students at the University of Texas. His 
published correlation coefficients are shown in Table 34. By way 


.. Table 34 
Showing Correlations among Various Motor Tests (after Perrin) 


Card | Coérdina- 


Bogardus sorting tion 
“Complex motor tests? r r r 

1. Bogardus —0:10 
2. Card sorting —0-06 +-0:36 

* * Simple? motor tests 
“ak Reaction time +0:16 4-0:21 —0-06 
2. Inhibition of winking reflex -+0-02 —0:11 +-0:02 
E3. Motor memory +0:02 +0-22 +0:17 
4. Weight discrimination —0:07 —0:03 —0:01 
5. Aiming — +0-24 —0:09 +0°12 
6. Aiming (blindfolded) +0°29 +0-05 4+-0:04 
7. Balancing 4-0:38 —0:06 —O11 
8. Rhythm (pendulum) +017 --0:20 4-0:29 
9, Rhythm (kymograph) —0-02 +0-12 +0:12 
10. Tapping +0-22 0-02 0-01 
11. Steadiness +009  —004 +0-01 
. 12. Tracing —0411 —0:01 +0:09 
13. Dynamometer —0:22 --0-20 --0:39 
14. Vital capacity —014 +4009 +022 


of explanation it may be stated that the Bogardus test is a rather 
. complex apparatus designed to reproduce some of the essential 
conditions where a workman tends an automatic machine. The 
coürdination test measures the ability of a person to trace 
accurately at a given speed the outline of a triangle and a square, 
one with each hand and simultaneously. The inhibition test 
. was designed to test the power of inhibiting the winking of the 
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eyelid when piano hammers struck a plate of glass upon which 
the face was resting. 4 
Muscio continued the investigation with various groups of - 
young people from London, using relatively simple motor tests. _ 
Where the two hands were correlated for the same activity the — 
coefficients were fairly large, ranging around -4-0:40. Otherwise 
his coefficients were about the same as Perrin's. Muscio con- 
cludes, *. .. an individual's performance in one such activity is 
not in general the slightest indication of what his performance in 
another such activity will be." m. 


L..J 


Summarizing the evidence as to the relations among motor 3 
activities, we may say that as a rule they correlate very low with — 
each other; but they occasionally show rather high correlations. 
This is likely to be the case when the apparent similarity between 
the two activities is very marked. These facts seem effectually to — 
preclude belief in a two-level theory of aptitudes made up of 
complex intellectual and simple motor abilities. 


Complexity of Behavior as a Factor 

The results of Perrin, Muscio, and Barton show pretty clearly E 
that simple motor tests yield remarkably slight correlation with. 
each other when compared with the correlations usually obtained 
from various tests of ‘intelligent’ behavior. In significant con- 
trast stand the results of McFarlane. She tested a number of - 
groups of boys and girls, chiefly from the London schools. She 
used as tests (1) the assembly of a small wooden wheelbarrow 
and a small wooden cradle, (2) the assembly of two garments 
the parts of which could be snapped together with metal fasteners, 


Table 36 


Showing the Correlations among Various Complex Motor Tests 
(after McFarlane, '25) 


Gar- 
ment Cube Healy Plunger Exami- Intelli- — 
as- as- puzzle test nation gence 


sembly sembly box > marks test 


Wood assembly --0.32 +032 +032 +002 —O11 —026 — 


Garment assembly --0-46 --0-44 +019 +011 —0-04 
Cube assembly --0-44 —0-07 +0:04 +0:14 
+0-11 +007 +0:26 


Healy puzzle box 


Examination marks +0-75 
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(3) a 3-inch painted cube-assembly test, (4) the Healy puzzle box, 
and (5) the McDougall ‘ plunger’ test. The apparatus of this con- 
sists of 24 metal sockets arranged in a circle, and a plunger or 
stylus slightly smaller than the sockets. The plunger is inserted 
into one socket after the other as rapidly as possible. The results 
from one of her characteristic groups of subjects (40 boys, age 14) 
are given in Table 36. These coefficients differ from those of 
Perrin and Muscio in showing, upon the whole, distinct correla- 
tions among the motor tests. Her other groups of subjects show 
very similar values. It is interesting to note that at the same time 
the motor tests correlate markedly less with the two intelligence 
criteria, though the latter correlate with each other to the extent 
of +0:75. McFarlane believes that her correlation coefficients 
are so much larger than those of Perrin and Muscio because her 
tests (with the exception of the plunger test) involve much more 
complex behavior. 

Upon the whole the evidence so far available does not reveal 
any very clearly marked levels of aptitudes such as Thorndike 
has suggested. Indeed, it is doubtful whether any aptitude levels 
in a strict sense, having high correlations among the activities on 
a given level and a low or zero correlation with aptitudes on all 
other levels, ever will be found. It is almost certain, however, that 
for practical purposes of aptitude prediction a rather large number 
of groups or constellations of aptitudes ultimately will be isolated. 
It should be observed that groups would result from the action 
of chance alone. If pebbles should be tossed into the air, they 
would fall in such a way that they would be divisible into groups 
or constellations very much as has been done in the case of the 
distribution of the stars in the sky. Yet it must be remembered 
that aptitudes are not in a two-dimensional space, but possibly in 
a multi-dimensional one, and that the situation is consequently 
not nearly so simple as the above expression might imply. 

While experimental results have failed to show any con- 
vincing evidence for distinct levels of abilities, it has revealed 
what may turn out to be a significant tendency or law. This is 
that the highly complex intellectual activities correlate highly with 
each other, the less complex correlate with each other to an inter- 
mediate degree, and the relatively simple motor activities correlate 
with each other only slightly. 

The hypothesis that diminishing correlations tend to result 
from diminishing complexity of activity finds a rather ready 
explanation inthe theory of group determiners. No one knows how 
many aptitude determiners there are. For purposes of definiteness, 
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let us assume 1300 as the total number. It is quite clear that two 
complex intellectual activities, each involving several hundred 
determiners, would by mere chance alone have in general a large 
number of determiners in common and thus a high correlation. 
On the other hand, the likelihood would be small that two simple 
activities, each involving only a few score of determiners, would 
contain by chance many determiners in common. Fortunately it 
is possible to tell what correlations would result in the long run 
from various assumed conditions. Computation shows that an 
activity complex enough to involve a random sampling of any 
800 of the total 1300 determiners would, on the average, correlate 
--0-61 with others of the same degree of complexity. Activities 


which would involve a random sampling of any 400 of these - 


determiners would on the average, by mere chance, overlap others 
of the same degree of complexity sufficiently to correlate --0:31. 


Table 37 
Showing the Degrees of Correlation which would Result on the 
Average from the Chance Overlappings of the Determiners of 
Activities having Varying Degrees of Complexity 

It has been assumed here, for purposes of simplicity in computation, 
that all determiners are equally weighted. 


Degree of complexity Degree of correlation 
assumed. Number of | resulting from chance 


determiners out of hypo- overlapping of 
Type of activity thetical total of 1300 determiners 
Intelligent 800 +0:61 
Complex motor 400 +0:31 
50 +0:04 


Simple motor 


Activities which are so simple as to involve only 50 determiners 
would overlap sufficiently by chance to correlate on the average 
--0-04, or almost not at all. The correlations resulting from 
these overlappings are of about the size found among ‘intelli- 
gence’ tests, complex motor tests, and simple motor tests, re- 
spectively, Thus, some of the peculiarities found in test results 
can be accounted for very largely as resulting from the mere com- 
plexity of the tests themselves. 

It must be understood that the above holds only for the average 
of many correlations. Undoubtedly there are certain wide-range 
determiners largely common to most intelligence tests, corres- 
ponding to the large verbal and symbolic elements involved. 
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the large additional element of pencil-and-paper reactions. 
There are probably similar group determiners of wide range run- 
ning more or less through complex motor activities of the sort 
called for by various assembly tests. Such additional common 
group factors would, of course, increase the correlation among the 
aptitudes containing them, above the chance overlapping noted 
above. On the other hand, chance would frequently produce much 
less than theaverage amount of overlapping fora given complexity 
of determiners constitution. This would account for occasional 
. very low correlations among fairly complex forms of behavior. 


Among most group intelligence tests such as Army Alpha, there —— 
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Intelligence and Civilisation 


G. Thomson, Intelligence and civilisation, the Ludwig Mond lecture 
delivered at the University of Manchester, 23 October 1936, Edinburgh, 
Constable at the University Press. 


I Introduction 


When I was asked to name a subject for this lecture, my first 
thought was to use the occasion to tell my audience in entirely 
non-technical terms something of the work which has been done 
during the past three decades in the endeavour to measure in- 
telligence, to define what it is, and to analyse it into its constituents 
: if that be possible. Something of this I still intend to do, for one 
cannot well discuss Intelligence and Civilisation without asking 
Oneself what each of them is. But as I thought further over the 
Subject of my lecture I remembered the motives which had first 
led me to take an interest in the measurement of intelligence and 
which have continued to keep me at work on it. Those motives 
arose out of the observation that our educational system, through 
its secondary school scholarships, often favoured the well- 
taught or at least well-crammed mediocrity of one school at the 
expense of the clever boy of another school: for example, 
favoured the boy from a large and well-staffed suburban ele- 
mentary school at the expense of a boy from a small and remote | 
Country school, where the only teacher had too much on his |. 
hands to have time for specialising in scholarship-winning, and - 
Where, since there was but one teacher, it was to a great extent a 
matter of chance whether the child enjoyed good teaching Or - 

Suffered under bad. It was because in a heterogeneous county 
like Northumberland, including suburban residential districts, - 
large mining areas, and sparsely populated dales, it had been 
found that many schools in the latter two types of district simply — 
made no attempt to enter children for secondary school scholar- | 
— Ships, well knowing that they had no chance. We introduced 
intelligence tests in the hope of righting this injustice to the 
individual, and to an increasing extent by this and by other means — 

it has been in some measure righted, and the intelligent children - 
ave more and more efficiently been selected and assisted to 
obtain secondary education. The motive was individual. ( 
But as the years have gone on, the other side of the old problem 
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of the individual and the community has also never been far 
from my mind, and I have asked myself, as I have also often 
. enough been asked by others, whether we are doing the right 
— thing both for the individual and the community when we thus 
take pains, through the medium of our educational system, to 
direct children of different degrees of intelligence into different 
types of school. 

"Tonight I want to discuss this. It is my faith that we must do 
individual justice. But it is our duty to do so without wrecking 
civilisation or hindering its progress, if we can choose between 
methods. For anyone who hopes, as I do, that furthering the 
education of intelligent children also furthers civilisation, it is 
necessary to ask about the dependence of civilisation on intelli- 
gence and about the relative importance, to civilisation, of intelli- 
gence and other qualities. We have seen in the years since the 
Great War a remarkable movement away from a belief in in- 
telligence, in more than one European nation; a movement which 
can find nothing worse to say about a man than that he is a 
late-comer of the century of the Illumination; a movement which 
preaches Irrationalism and decries the Reason; and those of us 
who feel opposed to that retrograde movement have a duty laid 
upon us to show how much civilisation has owed to intelligence. 


II Intelligence 


. Iturn first, however, to the definition and measurement of in- 
telligence, a province where also there have been controversies, 
though not such soul-shaking controversies likely to split 
world to its foundations, It is one of the peculiarities of the idea 
intelligence, and has often been made a reproach to those 
of us engaged in endeavouring to measure and analyse it, that it 
is difficult to define. Some of the difficulties are, I think, due to 
trying to define ‘intelligence’, and diminish when we confine our- 
selves to defining ‘intelligent’ behaviour or thought. The noun 
intelligence tends to invoke the idea of some entity called intelli- 
gence, whereas the adjective intelligent, more correctly, merely 
calls attention to an attribute of behaviour — for sooner or later 
thought finds issue in behaviour, especially if we include speaking 
and writing under behaviour — and although we cannot define in- 
telligent behaviour briefly, we can enumerate some of its symp- 
toms. 


1. Krieck calls Herbart ‘der Spátling der Aufklärung’, a remark which 
- I confess appears to me an undeserved compliment to Herbart, but was 
not so intended. 
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Before there can be intelligent behaviour there must be some 
purpose to be achieved (though it may bea very generaland vague 
purpose and only become clearer as the events succeed one 
another), and the behaviour has to have the appearance of being 
directed towards that end in such a way as to achieve it as quickly, 
as economically, as cleanly as possible. By cleanly I mean that 
the behaviour, in solving the given problem, must not unneces- 
sarily create others, though it will lead on, through this problem, 
to others beyond. By economically I mean not merely of time or 
of energy, but in the sense of solving simultaneously many similar 
problems and not leaving the work to be done afresh on each 
Occasion. 

We do not call behaviour intelligent if it has been learned by 
training — in the sense of rewarding certain overt actions and 
punishing others until the desired set of actions comes to be 
exclusively performed — as by a performing seal, or an indoctri- 
nated partisan. Here I come upon a distinction which is very im- 
portant for me, for in a certain sense I think that almost all our 
behaviour is due to training by reward and punishment, and yet 
I do not think that almost all our behaviour is unintelligent — 
though it would not, alas, be altogether hopeless to defend that 
thesis in the world of today. The difference is that I do not call a 
piece of behaviour intelligent until some at least of the trial and 
error involved is done inside us, by means of images or words or 
some kind of proxy for the actual behaviour. When a chicken 
is shut up in a simple maze and supplied with a motive for escape 

neliness will do) it does ultimately escape, by the process of 
running hither and thither until it chances to escape. If it is 
repeatedly shut in the maze under the same circumstances às 
regards motivation, it will in time come to take the correct path, 
without any digressions into blind alleys. But its action is not then 
to be called intelligent. On the other hand, when the unpractised 
townsman is faced with the unfamiliar task of driving a flock of 
sheep along a road, we call his action intelligent if on seeing an 
opening in the hedge some little distance ahead he sends a boy 
to guard it until the sheep are past. It would have been unintelli- 
gent to let the sheep first go in and then drive them out. It is in: 
telligent to see them first go in in the mind’s eye, and take steps 
to prevent it. Actual behaviour has been short-circuited by inter- 
nal thinking. On a higher level the problem confronting the man 
may be more and more difficult, but the principle is the same 
— imaginary or symbolic behaviour replaces actual, and to the 
extent that he is capable of this, the man is potentially intelligent. 
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I may satisfy myself by actual individual trials in repeated 
instances that the sum of the series of consecutive odd numbers 
beginning with unity is always a perfect square; thus 1, 3, 5, 7 
give 16, the square of 4. I shall probably do the earlier examples 
in my head, but the later ones on paper. Human curiosity will 
make me want to see this remarkable fact more as a whole, want 
to prove it as we say. In endeavouring to do so I shall again carry 
out plenty of trial and error, both in my head and on paper, the 
=~ latter mainly to complete trials suggested and begun mentally. 
The algebraist, from his training, will at an early stage be led to 
reverse the series and add it to itself, and thus see that every pair 
. of terms gives the same result, whence he will soon arrive at a 
proof. The Greek mathematicians saw the same truth in a more 
direct fashion, by thinking of each square number as a square 
of dots, each of which squares is made into the next larger by 
adding an L-shaped row of dots along the west and along the 
south side of the preceding square, which new set of dots will 
. clearly be the next odd number. Thus the square 2 x 2 is enlarged 
to 3 x 3 by adding an L of 5 dots (2 on the west, 2 on the south, 
and one in the corner — it is the one in the corner which makes it 
. odd); this 3 x 3 square is increased to 4 x 4 by adding an L of 7 
.. dots, and so on. The modern accountant would probably see, in 
— his special way, that the average of consecutive odd numbers is 
equal to the number of them. 

This is of course very incomplete, but time forbids me to illus- 
trate and to delimit further. I will only add that if to the power of 
_ making internal trials we add a trained habit of making many, 
and accepting or rejecting according to the imagined conse- 
quences, we have, I think, got the major parts of the definition of 
intelligence in action; and I will add also that I think this power 
and habit mainly dependent, on its physiological side, on the 
actual number of elementary connections which the nervous sys- 
tem can make, and has practised making. 

Whatever this intelligence is, there have been those during the 
present century who have ventured to endeavour to ‘measure 
it. When philosophically examined the measurement turns out to 
be no more than an ordering of magnitudes, even if it is that; 
but then still deeper philosophical examination might, and I think 
would, show that the same can be said of physical measure- 
ments.! The ‘unit’ used has been either the amount by which an 
average child grows in intelligence in one year, or the statistical 


1. See The Essentials of Mental Measurement by Brown and Thomson, 
. end of Chapter I. 
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unit of the standard deviation of the intelligences of a number of 
children all of the same age. In the first case, it is a mere assump- 
tion that the mental growth from 5 to 6, say, is equal to the mental 
growth from 6 to 7. Indeed everything points to this not being so. 
In the second case there is similarly no guarantee that the standard 
deviation remains constant from year to year, in real mental units. 
In late years there have been some heroic attempts, notably that 
of Thurstone, to arrive at an absolute zero and true mental unit 
of intelligence, attempts which depend in the main on the assump- 
tion that intelligence, if measured in real mental units, should 
be Gaussian in distribution; but they are not very convincing. 

Yet in spite of the absence of a universally recognised definition 
of intelligence, and in spite of the very unsatisfactory foundations 
of its system of units, the measurement of intelligence has be- 
come more and more practicable and practised. Perhaps an - 
analogy with the measurement of temperature will show how this 
can be. In the ordinary thermometer we have an instrument with 
a quite arbitrary zero, and which shows in actual fact the ex- 
pansion of mercury in units marked on a glass tube. There is 
grave difficulty in believing that the change in our feelings of 
warmth is the same when the thermometer rises from 6° to 7° 
as when it rises from 66° to 67°. We have no guarantee that the 
mental units bear any fixed ratio to the mercury units. And I defy 
anyone to define what temperature is, in the mental sense, any 
more easily than he can define intelligence. Yet we find thermo- 
meters in practice very useful. k 

Finally, before turning away from this very sketchy account of 
the measurement of intelligence, I may be permitted to note the 
pioneering work of Spearman in trying to base the whole study on- 
the one hand on experimental researches followed by mathemati- _ 
cal deductions, and on explicitly stated *noegenetic' principles on 
the other. As it is well known that I have opposed some of the 
views of Spearman, perhaps too I may be allowed to delimit the 
extent of my disagreement. Spearman, having noted empirically 
a certain relationship between the correlation coefficients of 
Scores in mental tests, based upon this a theory of Two Factors — 
to which later a number of auxiliary Group Factors were added 
- the principal factor being ‘g’, usually identified with intelli- — 
gence, though Spearman himself is careful to avoid naming it 
except by a letter. The analysis of human ability into these factors 
can be carried out by methods devised by Spearman and his | 
School, or by other methods, mathematically but not philoso- 
phically different, devised by Kelley, Thurstone and others. My 
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opposition is based on the fact that the analysis is not unique, but 
that innumerable alternative analyses are possible, all fulfilling 
the experimental conditions; and further, that among these 
alternatives is one which is intrinsically more probable than the 
others, not an analysis into large discrete factors but into in- 
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chance, not as assisting the community by providing it with 
trained intelligences. Indeed there are not wanting those who 
openly state that the community is getting more trained in- 
telligences than it can deal with. These are undoubtedly taking a 
communal view, and presumably would wish to reduce the pro- 
vision of higher education, at least of higher academic education, 
to conform with their notion of the community need. They might, 
however, desire on the other hand to increase the provision of 
technical schools and to facilitate the vocational education of — - 
clever boys who could be directed into engineering or textiles or 
shipbuilding or what not. The main motive of such views is the 
communal one. True, those who hold them might and probably 
would claim that John Doe and Richard Roe would be far happier 
| as mechanics in overalls than as clerks in white collars or teachers 
in black gowns, but their main motive is communal. 
The first problem on which we have stumbled is then the 
| question whether every sufficiently intelligent child is entitled to a 
| higher education, or whether the State has a right to set a limit, 
| if it can only use a certain number of such educated intelligences. 
Three subsidiary questions bound up with the main problem are: 
(1) How many educated intelligences does the modern community 
need, and in particular how many university graduates can it 
absorb? (2) To what extent does each sufficiently intelligent child 
at present actually have the opportunity to proceed to higher 
education, or to speak definitely, to attend a secondary school? 
(3) What is the distribution of intelligence among mankind, and 
is intelligence an inborn or an acquired quality ? 
| Obviously we cannot debate at length all the questions which 
arise, and the third of these I shall dismiss arbitrarily by giving 
the view of most psychologists that individuals, at birth, do 
differ considerably in potential intelligence, and that the actual 
differences of intelligence observable in adults are, to at least one- 
half of their extent and frequency and perhaps more than one- 
half, due to these inborn differences. The scatter of intelligence 
among children of 10 years of chronological age is such that about 
one-quarter of them are mentally 11 years of age and more, and 
ten per cent of them are mentally 12 years of age and more. 
Something like three per cent of them are 13 years and more old 
mentally, and a few of these three per cent will even exceed 14, 
15, 16 or 17 years of mental age, although their chronological 
age is only 10. In short, the scatter is very great, and is certainly 
in part innate. 
Do those children wh 
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Opportunity of secondary education? The answer to this is cer- 
. tainly no, whatever boundary we assign to the intelligence neces- 
sary to profit by a secondary education. Fifteen years ago, in the 
course of some extensive experiments in Northumberland, I took 
occasion to remark that were the secondary school population to 
. be suddenly annihilated it could at once be replaced, intelligence 
. quotient for intelligence quotient, from the children who had 
= remained in elementary schools or had gone to work in the mines 
. or elsewhere. But it could not be replaced twice. In other words, 

in Northumberland in 1921 only about half the children with the 
requisite intelligence actually entered secondary schools. There 
has been a very considerable advance since that date in Northum- 
berland. But in the main the statement is still approximately 
. true for the country as a whole, and it has been in particular veri- 

fied for London by a recent research by Gray and Moshinsky.! 
Something like one-half of even the most intelligent children — 
. indeed more than half if Gray and Moshinsky are right — are 


_ denied the opportunity of secondary school education. It must not 
be too hastily assumed that 
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Fo The situation in Scotland is different. Proportionately to 
^. population, more than twice às many children enter secondary 
schools in Scotland as in England. The wastage however is very 


he numerical difference has almost 


bers reappears, owing to the exit from English schools after the — 
First School Certificate examination, not held in Scotland. There — 
is only one examination in Scotland, taken on an average at 174.3 
Exactly twice as many Scots as English (proportionately to - 
population) proceed to a university. 

In England, then, only about one-half of those children who - 
are intelligent enough to profit by it go to a secondary school, - 
but the factors which deny this opportunity to the others are at - 
least as much sociological as educational. The best way in which . 
our educational administrators could help to prevent this denial — 
would be by offering more alternative courses in the secondary — 
schools, and by endeavouring to arrange with trades that yearsina | 
secondary school (including years in academic courses) should 
count as part apprenticeship, or at least that apprenticeship should - 
not be denied to a secondary school boy because he has passed — 


the usual age. 
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by large classes of ex-pupils; the schools in fact began to grow 
unofficial Junior Colleges on top of their orthodox structure. 

Ihave just said that I fear a split in the nation between the more 
educated and the less educated. This does seem to me to bea 
very real danger. It is the danger of Plato's ‘two nations’ in 
another form. ‘Such a state is not one, but two states, the one of 
poor, the other of rich men; and they are living in the same spot 
and always conspiring against one another' (Republic, 551D, 
Jowett). Substitute ‘elementary scholars’ for poor, and ‘secondary 
scholars’ for rich men, and you have a dichotomy every whit 
as dangerous. 

That is why I regret the forking of the ways in England, at the 
early age of 11 years, into elementary and secondary education, 
and why I prefer the American system of one High School for 
all. I know that a common reply to this is to point to the lower 
standards prevalent in American High School and College edu- 
cation, and to attribute these to the dilution of talent which occurs 
when the less intelligent are mixed with the more intelligent in one 
school. But while admitting the lower American standards I do 
not attribute them to this cause, For in Scotland, where I think 
ards, there is also a very 
mon secondary school. I 


; and more than three- 
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secondary schools in the amount of money spent on their build- 
ings, playing fields, equipment, and teachers, and if it becomes 
somehow possible, without chaining them to examinations, to 
reach a university through them, which will probably come 
through admission to faculties of commerce and of applied 
science, as the German Realschule got its first footing in the 
university, and as the product of the French Ecole primaire 
supérieure can get in by the doorway called ‘P.C.N.’ 

In answering the subsidiary questions I have, I imagine, 
betrayed my opinion on the problem itself. I not only think that 
every sufficiently intelligent child is entitled to a higher education, 
but I think it would be in its own interest for the State to strain 
every nerve to sce that he got it, and got it if possible in a way 
Which would not create social differences based on intelligence, 
in the same school as his less intelligent comrade. 


IV Intelligence and Truth 
For the history of the advance of civilisation has been the history 
of the conquest of the world by intelligence. The most astonish- 
ing example is of course the rapid advance during the sixth, 
fifth and fourth centuries P.C. in Greece, when not only the 
beginnings of our modern science were made, but the beginnings 
of our ideas of government, of economics and of philosophy. 
Many factors no doubt contributed. The city-states of Greece 


Were in sheltered valleys separated by mountains, or on islands. 
But these valleys were not so sheltered as to be immune from 
trouble and war The Greek civilisation grew first and mainly in 
Ionia, where their new and vigorous race came up against earlier 
civilisations and learned from Persia and from Babylon; or 10 

a Minoan civilisation. But 


Argos, where their first-comers found : a. Bt 
history shows plainly enough that although there is something in 
this, yet it is not an infallible recipe for progress to bring vigorous 
primitive races up against an older civilisation. No, clearly the 
main cause must lie in the intelligence of the Greeks. Terman of 
California has estimated the intelligence quotients of great men 
of a more recent past. I wonder at what level he would place 
Thales of Miletus, Herakleitos of Ephesus, Pythagoras of Samos 


and Kroton, Socrates, Plato, Aristotle. 

Nor are the troubles of civilisation today caused by over- 
much intelligence or over-much education, but by over-little. It 
is not because intelligence has made travel quicker, has made it 
Possible for one man to speak to millions scattered over the whole 
globe, has made production easily catch up to and far surpass 
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the geometrical increase of population which scared Malthus. It 
is not because we have too many scientists and too few poets. 
_ Poets are far more dangerous than scientists. I heard and admired 
4 and was much moved by Mr Baldwin’s Cambridge address to the 
Congress of Universities of the Empire: but on reflection I did 
not agree with it. Rather do I think with M. Julien Benda in 
— La Trahison des Clercs when he says: ‘Ce qui étonnera surtout 
x 


, 
s 


: 

F 

; 

1 preached the doctrine. Civilisation has advanced just as much as 
it has worshipped truth, and has been rewarded by finding that 
beauty and the graces follow in its train; and the worship of truth 
is the function of intelligence. You may expostulate that the 

science of the nineteenth century brought ugliness and destroyed 
beauty. But that we may surely hope was only a passing phase 

| due to the velocity of change, and the very fact emphasises still 

» 


ledge, classified, generalised, tested; and with understanding will 
come the cure. Intelligence has in the past made striking steps 
forward in this matter of finance; the invention of metal money, 
. of drafts on distant treasuries, of joint stock companies, limited 
4 liability, cheques, and so on. We ourselves have lived through a 
- period of experimenting with money, with commodity dollars 
r and registered marks and what not. Intelligence, which is experi- 
. ment, but experiment done as much as possible inside the mind, 
_ will find the solution, and only intelligence: and unless it does so, 
the graces will have to beg their bread or earn it in misery and in 
sin. And it will only find the solution if it works for the sake of the 
truth only, not for any party or country or cause. Despite M. 
_ Charles Maurras, L'avenir de lIntelligence is not to be the servi- 
tor of nationalism, and scientists and philosophers must not 
commit that Trahison des Cleres which M. Julien Benda so 
bitterly and brilliantly bewails. 


1. Edition Grasset, p. 102. 
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In passing, | may note a contradiction between pragmatism, 
for which in many respects I have a regard, and this belief that — 
intelligence must serve truth only; for to the pragmatist truth 
does not exist waiting to be found, but is in the making. Prag- 
matism judges entirely by consequences, and would therefore | 
judge intellectual work by its practical results, judging the emin- 
ence of a physicist by the application of his studies. Most men of 
science however chafe at the public demand for results, and believe — 
that intelligence, in the persons of its most exclusive devotees, 
must serve no lower master than truth. Plato's philosopher came 
back into the Cave. In actual practice there are those who see 
the true Forms, and make no attempt to return to the Cave, and 1 
those middlemen who cannot themselves explore outside the —— 
Cave, but can go to the boundary Wall and learn at second-hand . 
from the pioneers outside, returning then to apply their knowledge 
within the Cave itself. This in physical science. In ethics and — 
morality, which Plato had most in mind, I doubt if anyone has 
ever been over the Wall. 


" 
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V Intelligence and Character 

And this remark brings me to the objection perhaps most com- 
monly and immediately voiced in opposition to the doctrine I am 
preaching, the objection that in world-progress character has | 
counted for more than intelligence. But here I have another | 
heresy to confess to. I think that intelligence and character are 
positively correlated. Although a keen and well-trained intellect 
does not necessarily mean a good character; although there have | 
been criminals of genius, and many good men of only moderate 
intelligence; yet the tendency is for a correlation of intellect : 
with good character. It is in intellect that man differs most from 
the beasts of the field. It is in the use of intellect that civilised man Y 
differs from savage and barbarian. And just as bestiality and 
savagery are bad traits in character, so are the self-control and | 
tolerance which, in the main, go with intellect, good points of 
character. If we think there has been progress in the evolutionary 
scale at all, then that progress has, up to the present, culminated — 
in man: and man is essentially more rational than any other i 
animal, as he is more praiseworthy in character. Men have bad 3 
characters, But it is also in man that the highest traits of good | 
character are found, and they are associated, broadly and secular- 
ly, though not individually and definitely, with intellectual _ 
advance. Intellect is, in the main, necessary to character, or at — 
least is its accompaniment. And although in my haste I called. 
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this belief a heresy, was I not mistaken in thus naming it? Is it not 
‘more universally admitted than any other fact about him’! 
that Socrates held the doctrine that ‘badness is, in the last resort, 
a form of ignorance’ and that the reason, not the feelings, must 
govern. The intelligence must of course be fed with a good 
education. I do not mean an education of the character, which 
invariably means indoctrination with some code or other, but a 
good intellectual education.? The Soul is to be turned from the 
world of becoming to that of being by a true art of education. 
‘And whereas the other so-called virtues of the soul seem to be 
akin to bodily qualities, for even when they are not originally 
innate they can be implanted later by habit and exercise, the 
virtue of wisdom more than anything else contains a divine ele- 
ment which always remains, and by this conversion is rendered 
useful and profitable; or, on the other hand, hurtful and useless.’ 
And the way to turn such misused intelligence from ethically bad 
to ethically good paths is to introduce it, through a suitable and 
graduated education, to things which the intellect recognises as 
worthy of its steel, to difficult and abstract things; though what is 


. difficult and abstract will of course depend upon the individual 


mind, and vary with it. 

Luckily it is possible to refer those who demand experimental 
evidence to what is almost an objective proof of the positive 
correlation of character with either intelligence or education or 
both, in Bagley's book Determinism in Education. This work was 
not written with that object; it had a polemical aim, directed 
against the doctrine that intelligence is entirely a matter of heredity 
and is measurable with fatal exactness at an early age, after which 
the child's intellectual rank among mankind is fixed by an im- 
mutable doom, an extreme doctrine which Bagley had no diffi- 
culty in confuting, and which is probably held by no psychologist, 
though Bagley was no doubt justified in saying that the public 
misunderstood psychologists to say this. In the course of his 
inquiries, however, Bagley in effect proved my heretical assertion 
that intelligence and character go together. He first showed that 
intelligence and education go together, using as data the same 
array of facts as his opponents, namely the scores of nearly two 
million soldiers of the American army of 1917 and 1918 in an 
intelligence test, the ‘Army Alpha’ Test. For the most intelli- 
gent soldiers came from those States in the Union, and in the case 
of immigrants from those foreign countries, which had in their 


1. Burnet, Thales to Plato, p. 168. 
2. See the Republic, 518E and 519A, Jowett's translation. 
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boyhood the best educational systems. His opponents said that 
was because intelligent populations insist on good schools; 
Bagley, that good schools make intelligent populations. For our 
purpose the difference is immaterial. For he next went on to show 
that those States with the best showing in the intelligence tests 
(and also the best schools) were best in any of the ways in which 
one can objectively measure goodness of character in a com- 
munity, for example had less crime of this or that sort. As I say, 
it is immaterial to me whether this is due to education or to 
intelligence, since Bagley shows that they go together; the only 
point of importance is that intelligence, education, and law-abiding 
go together, all three. 


VI Irrationalism Today 
It is true that Plato anticipated a scanty supply of persons en- 
dowed with the highest intelligence and also with exceptional re- 
liability and steadiness of character. That is only natural. We 
must recognise with him further that reliability is often found 
apart from the highest intelligence, and that the latter is tempted 
to be impatient and unsteady. Discrepancies there will be, and 
yet these are not incompatible with a general tendency. I cannot 
really think that, — in such a state as his, and with such a first 
education, music and gymnastic learned in play and without 
compulsion, amidst scenes and objects of good taste, and with 
literature purged of its baser elements — he could seriously antici- 
Pate the occurrence of men, intelligent enough to have become 
true guardians, among his third class, kept there by lack of 
character, men who would have been a serious source of trouble 
and revolution. Nor I think need we, if we are at equal pains to 
give an equally good education to all. The way in which revolu- 
tion will come to his city is, he thinks, through a neglect of the 
laws of eugenics, which will cause a scarcity of the highly gifted: 
and the less gifted then necessarily coming to power will esteem 
€ducation too lightly. The things really essential to the state are, 
à good first education to everyone, and a sufficient supply of 
the highly gifted, intellectually. i 4 
It seems then to be an extremely short-sighted policy of certain 
Communities today to decry intelligence to such an extent as 
they do, to expel from their posts of office in the community 
and even drive away from the country intelligent men, not only 
because they hold opposed political views (that is perhaps under- 
Standable though I think wrong) but because they are neutral, 
ecause they are not active partisans of the governing political 
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party. This seems incredibly stupid whether it is done by Ameri- 


= can party machines after a new election, or by dictatorship in 


Europe, and will surely revenge itself. The only province in which 
it can be confidently asserted that competent men who under- 
stand the problems will agree with one another is in matters of 
the intellect, where though there are different hypotheses in 
conflict at the boundary of knowledge, there is an ever-growing 
settled country of full agreement, and an undisputed referee, 
agreement with facts and with the laws of thought. In all other 
matters men disagree, or are brought to an agreement only by 
training, propaganda, sentimental appeal, factors which separate 
masses of mankind as much as they weld together partisans. 
The only hope for unity, permanent unity, among mankind is 
through the rule of intelligence, through the cultivation, by an 
education proper to each, of the intelligence of all. The school- 
master is right who considers that his sole business is to lead his 
pupils to see truth clearly, and who holds that there is in itself 
character-training, and the only character-training the school may 
lend itself to, if it is to refrain from serving party or class, colour 


or race, or prejudice of whatever kind, but is to serve civilisation 
and all mankind. 


Part Three. WHAT IS INTELLIGENCE? 


Opponents of intelligence testing, and particularly those who 
Oppose it on sociological or political grounds, often assert that 
Psychologists cannot agree on the nature of intelligence, the 
implication being that therefore the attempted measurement of 
it must prove nugatory. They cite, in support of their assertion, 
the famous symposium on ‘Intelligence and its measurement’ 
Published in the American Journal of educational psychology 

in 1921 (vol. 12, pp. 124-47, 195-216). But, as Burt suggests 

In Part Five, perhaps the disagreements arose partly because 
the editor of the symposium asked the wrong kind of question, 
Since the thirteen symposiasts were not asked for a definition 
of intelligence. There is, however, no doubt that here is a 
question that must be asked — and answered. It should be 
noted that an inability to provide a precise definition of a term | 
need be no bar to its measurement: the examples of electricity 
and gravity in the physical sciences make this clear: science 
can manage for a time — sometimes quite a long time ~ on an 
Operational definition. One of the difficulties associated with 
the term intelligence is a difficulty often encountered in 
psychology: the word is used in at least two different ways. It 
occurs in the ordinary vocabulary of the layman, and it is also 
used as a technical term. It was for this reason that Spearman 
Preferred the symbol g instead of the word intelligence. 

In spite of the criticisms of some of my psychologist. 
Colleagues, I make no apology for including in this section two 
Philosophical contributions. I know from personal experience 
that while many students of educational psychology shy away 
from philosophy and the philosophical approach, others find 
this an appealing and rewarding extension of their studies. I 
have no doubt in my own mind of the desirability of applying 
Vigorous linguistic analysis to many of the concepts in common 
Use in education and educational psychology, and it therefore 
Seems highly desirable that this volume should contain at least 
a toe-dipping exercise into waters that are not as stagnant as 
some students of psychology may believe. 

Professor Ryle’s contribution comes from his now famous 
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book The concept of mind, and is an excellent example of the 
| philosopher's method of closely reasoned discussion, peeling 
away layer after layer so as to come to the nub of the argument. 
This is a contribution aimed at the general reader, the 
| interested lay-man, the educated man. Professor Miles’ paper, 
on the other hand, is addressed to the professional, the 
educational psychologist, and exemplifies the way in which the 
philosopher seeks to lay bare differences in opinion and in 
interpretation caused by differences in the use of the term 
. definition. 
The relevance of extracts in other sections of this book 
should be noted, and in particular Burt's paper in Part Five. 


Knowing How and Knowing That 


Excerpts from G. Ryle, The concept of mind, Hutchinson, 1949, 
chapter 2. 


(1) Foreword 

In this chapter I try to show that when we describe people as 
exercising qualities of mind, we are not referring to occult episodes 
of which their overt acts and utterances are effects; we are refer- 
ring to those overt acts and utterances themselves. There are, of 
course, differences, crucial for our inquiry, between describing 
an action as performed absent-mindedly and describing a physio- 
logically similar action as done on purpose, with care or with 
cunning. But such differences of description do not consist in the 
absence or presence of an implicit reference to some shadow- 
action covertly prefacing the overt action. They consist, on the 
contrary, in the absence or presence of certain sorts of testable 
explanatory-cum-predictive assertions. 


(2) Intelligence and Intellect 
The mental-conduct concepts that I choose to examine first are 
those which belong to that family of concepts ordinarily surnamed 
intelligence’. Here are a few of the more determinate adjectives 
of this family: clever, sensible, careful, methodical, inventive, 
prudent, acute, logical, witty, observant, critical, experimental, 
quick-witted, cunning, wise, judicious and scrupulous. When a 
person is deficient in intelligence he is described as stupid or else 
by more determinate epithets such as dull, silly, careless, un- 
methodical, uninventive, rash, dense, illogical, humourless, un- 
observant, uncritical, unexperimental, slow, simple, unwise and 
injudicious. 

It is of first-rate importance to notice from the start that 
Stupidity is not the same thing, or the same sort of thing, as 


ignorance. There is no incompatibility between being well- - 


informed and being silly, and a person who has a good nose for 
arguments or jokes may have a bad head for facts. — | 1 
Part of the importance of this distinction between being intelli- 
gent and possessing knowledge lies in the fact that both philoso- 
Phers and laymen tend to treat intellectual operations as the core 
of mental conduct; that is to say, they tend to define all other 
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mental-conduct concepts in terms of concepts of cognition. They ' 
suppose that the primary exercise of minds consists in finding the 
answers to questions and that their other occupations are merely _ 
applications of considered truths or even regrettable distractions 
from their consideration. The Greek idea that immortality is 
reserved for the theorising part of the soul was discredited, but not | A 
dispelled, by Christianity. & ve 

When we speak of the intellect or, better, of the intellectual. 
powers and performances of persons, we are referring primarily to 
that special class of operations which constitute theorising. The ——— 
goal of these operations is the knowledge of true propositions or - 
facts. Mathematics and the established natural sciences are the 
model accomplishments of human intellects. The early theorists 
naturally speculated upon what constituted the peculiar excel. 
lences of the theoretical sciences and disciplines, the growth onm d 
which they had witnessed and assisted. They were predisposed to 
find that it was in the capacity for rigorous theory that lay the 
superiority of men over animals, of civilised men over barbarians 
and even of the divine mind over human minds. They thus be- [ 
queathed the idea that the capacity to attain knowledge of truths — 
was the defining property of a mind. Other human powers could 
be classed as mental only if they could be shown to be somehow 
piloted by the intellectual grasp of true propositions, To be 
rational was to be able to recognise truths and the connections 
between them. To act rationally was, therefore, to have one's 
non-theoretical propensities controlled by one’s apprehension of 
truths about the conduct of life. 

The main object of this chapter is to show that there are many 
activities which directly display qualities of mind, yet are neither 
themselves intellectual operations nor yet effects of intellectual 
operations. Intelligent practice is not a step-child of theory, On 
the contrary theorising is one practice amongst others and is itself | 
intelligently or stupidly conducted. 

There is another reason why it is important to correct from the | 
start the intellectualist doctrine which tries to define intelligence | 
in terms of the apprehension of truths, instead of the apprehen- 
sion of truths in terms of intelligence. Theorising is an activity | 
which most people can and normally do conduct in silence. They 
articulate in sentences the theories that they construct, but they 
do not most of the time speak these sentences out loud. They say 
them to themselves. Or they formulate their thoughts in diagrams 

and pictures, but they do not always set these out on paper. | 
They ‘see them in their minds’ eyes’. Much of our ordinary | 
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-thinking is conducted in internal monologue or silent soliloquy, 
.. usually accompanied by an internal cinematograph-show of 
—. visual imagery. 
— This trick of talking to oneself in silence is acquired neither 
quickly nor without effort; and it is a necessary condition of our 
Eo acquiring it that we should have previously learned to talk intelli- 
_ gently aloud and have heard and understood other people doing 
= 80. Keeping our thoughts to ourselves is a sophisticated accom- 
—— plishment. It was not until the Middle Ages that people learned to 
read without reading aloud. Similarly a boy has to learn to read 
aloud before he learns to read under his breath, and to prattle | 
... aloud before he prattles to himself. Yet many theorists have sup- 
posed that the silence in which most of us have learned to think 
Gis a defining property of thought. Plato said that in thinking 
~ the soul is talking to itself. But silence, though often convenient, 
_is inessential, as is the restriction of the audience to one 
recipient. 
The combination of the two assumptions that theorising is the — 
Primary activity of minds and that theorising is intrinsically a 
| private, silent or internal operation remains one of the main 
supports of the dogma of the ghost in the machine. People tend 
to identify their minds with the ‘place’ where they conduct their 
secret thoughts. They even come to suppose that there is a special 
| mystery about how we publish our thoughts instead of realising 
that we employ a special artifice to keep them to ourselves. 


2 


(3) Knowing How and Knowing That 

When a person is described by one or other of the intelligence- 
epithets such as ‘shrewd’ or ‘silly’, ‘prudent’ or ‘imprudent’, the 

| description imputes to him not the knowledge, or ignorance, of — 
this or that truth, but the ability, or inability, to do certain sorts — 
of things. Theorists have been so preoccupied with the task of 
investigating the nature, the source and the credentials of the . 
theories that we adopt that they have for the most part ignored 
the question what it is for someone to know how to perform 
tasks. In ordinary life, on the contrary, as well as in the special 
business of teaching, we are much more concerned with people's 
Competences than with their cognitive repertoires, with the opera- 
tions than with the truths that they learn. Indeed even when we 
are concerned with their intellectual excellences and deficiencies, 
We are interested less in the stocks of truths that they acquire and 
retain than in their capacities to find out truths for themselves and 
their ability to organise and exploit them, wher discovered. Often 
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we deplore a person's ignorance of some fact only because we 
deplore the stupidity of which his ignorance is a consequence. 

There are certain parallelisms between knowing /iow and know- 
ing that, as well as certain divergences. We speak of learning how 
to play an instrument as well as of learning that something is the 
case; of finding out how to prune trees as well as of finding out 
that the Romans had a camp in a certain place; of forgetting how 
to tie a reef-knot as well as of forgetting that the German for 
‘knife’ is ‘Messer’. We can wonder how as well as wonder 
whether. 

On the other hand we never speak of a person believing or 
opining how, and though it is proper to ask for the grounds or 
reasons for someone's acceptance of a proposition, this question 
cannot be asked of someone's skill at cards or prudence in 
investments. 

What is involved in our descriptions of people as knowing how 
to make and appreciate jokes, to talk grammatically, to play 
chess, to fish, or to argue? Part of what is meant is that, when they 
perform these operations, they tend to perform them well, i.c. 
correctly or efficiently or successfully. Their performances come 

-up to certain standards, or satisfy certain criteria. But this is not 
enough. The well-regulated clock keeps good time and the well- 
drilled circus seal performs its tricks flawlessly, yet we do not call 
them ‘intelligent’. We reserve this title for the persons responsible 
for their performances. To be intelligent is not merely to satisfy 
criteria, but to apply them; to regulate one's actions and not 
merely to be well-regulated. A person's performance is described 
as careful or skilful, if in his operations he is ready to detect and 
correct lapses, to repeat and improve upon successes, to profit 
from the examples of others and so forth. He applies criteria in 
performing critically, that is, in trying to get things right. 

This point is commonly expressed in the vernacular by saying 
that an action exhibits intelligence, if, and only if, the agent is 
thinking what he is doing while he is doing it, and thinking what 
he is doing in such a manner that he would not do the action so 
well if he were not thinking what he is doing. This popular idiom 
is sometimes appealed to as evidence in favour of the intellectu- 
alist legend. Champions of this legend are apt to try to reassimi- 
late knowing how to knowing that by arguing that intelligent 
performance involves the observance of rules, or the application 
of criteria. It follows that the operation which is characterized as 
intelligent must be preceded by an intellectual acknowledgement 

of these rules or criteria; that is, the agent must first go through 
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about what is to be done (‘maxims’, ‘imperatives’ or ‘regulative 


the internal process of avowing to himself certain propositions 3 
p» 
: 
i 


propositions’ as they are sometimes called); only then can he 
execute his performance in accordance with those dictates, He 
must preach to himself before he can practise. The chef must 
recite his recipes to himself before he can cook according to them; 
the hero must lend his inner ear to some appropriate moral 
imperative before swimming out to save the drowning man; the 
chess-player must run over in his head all the relevant rules and 


ful moves. To do something thinking what one is doing is, accord- 
ing to this legend, always to do two things; namely, to consider 
certain appropriate propositions, Or prescriptions, and to put 
into practice what these propositions or prescriptions enjoin. It is 


| 


tactical maxims of the game before he can make correct and skil- | 


to do a bit of theory and then to do a bit of practice. 

Certainly we often do not only reflect before we act but reflect 
in order to act properly. The chess-player may require some time 
in which to plan his moves before he makes them. Yet the general 
assertion that all intelligent performance requires to be prefaced 
by the consideration of appropriate propositions rings unplaus- 
ibly, even when it is apologetically conceded that the required 
Consideration is often very swift and may go quite unmarked by 
the agent. I shall argue that the intellectualist legend is false and 
that when we describe a performance as intelligent, this does not 
entail the double operation of considering and executing. 

_ First, there are many classes of performances in which intel- 
ligence is displayed, but the rules or criteria of which are unformu- 
lated. The wit, when challenged to cite the maxims, or canons, by 
which he constructs and appreciates jokes, is unable to answer. 
He knows how to make good jokes and how to detect bad ones, 
but he cannot tell us or himself any recipes for them. So the prac- 
tice of humour is not a client of its theory. The canons of aesthetic 
taste, of tactful manners and of inventive technique similarly re- 
main unpropounded without impediment to the intelligent exer- 
Cise of those gifts. , 

Rules of men reasoning were first extracted by Aristotle, yet 
men knew how to avoid and detect fallacies before they learned 
his lessons, just as men since Aristotle, and including Aristotle, 
Ordinarily conduct their arguments without making any internal 
reference to his formulae. They do not plan their arguments be- 
fore constructing them. Indeed if they had to plan what to think 
before thinking it they would never think at all; for this planning 
Would itself be unplanned. 
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Efficient practice precedes the theory of it; methodologies pre- 
suppose the application of the methods, of the critical investiga- 
tion of which they are the products. It was because Aristotle 
found himself and others reasoning now intelligently and now 
stupidly and it was because Izaak Walton found himself and 
others angling sometimes effectively and sometimes ineffectively 
that both were able to give to their pupils the maxims and pre- 
scriptions of their arts. It is therefore possible for people intel- 
. ligently to perform some sorts of operations when they are not 
.. yet able to consider any propositions enjoining how they should 

be performed. Some intelligent performances are not controlled 

by any anterior acknowledgments of the principles applied in 
them. 

The crucial objection to the intellectualist legend is this. The 
consideration of propositions is itself an operation the execution 
of which can be more or less intelligent, less or more stupid. But 
if, for any operation to be intelligently executed, a prior theo- 

. retical operation had first to be performed and performed intel- 
. ligently, it would be a logical impossibility for anyone ever to 
= break into the circle. [. . . .] 

: To put it quite generally, the absurd assumption made by the 
 intellectualist legend is this, that a performance of any sort 
. inherits all its title to intelligence from some anterior internal 
operation of planning what to do. Now very often we do go 
. through such a process of planning what to do, and, if we are 
-= Silly, our planning is silly, if shrewd, our planning is shrewd. It is 
also notoriously possible for us to plan shrewdly and perform 
stupidly, i.e. to flout our precepts in our practice. By the original 
. argument, therefore, our intellectual planning process must in- 
herit its title to shrewdness from yet another interior process of 
_ planning to plan, and this process could in its turn be silly or | 
shrewd. The regress is infinite, and this reduces to absurdity the 
theory that for an operation to be intelligent it must be steered by 
a prior intellectual operation. What distinguishes sensible from 
silly operations is not their parentage but their procedure, and 
this holds no less for intellectual than for practical performances. 
‘Intelligent’ cannot be defined in terms of ‘intellectual’ or *know- 
ing how’ in terms of ‘knowing that’; ‘thinking what I am doing’ 
does not connote ‘both thinking what to do and doing it’. When 
_ I do something intelligently, i.e. thinking what I am doing, I am 
- doing one thing and not two. My performance has a special pro- 

cedure or manner, not special antecedents. 


, 
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Why are people so strongly drawn to believe, in the face of their 
own daily experience, that the intelligent execution of an opera- 
tion must embody two processes, one of doing and another of | 
theorizing? Part of the answer is that they are wedded to the 
dogma of the ghost in the machine. Since doing is often an overt 
muscular affair, it is written off as a merely physical process. On — 
the assumption of the antithesis between ‘physical’ and ‘mental’, 
it follows that muscular doing cannot itself be a mental operation. 
To earn the title ‘skilful’, ‘cunning’ or ‘humorous’, it must there- 
fore get it by transfer from another counterpart act occurring not 
‘in the machine’ but ‘in the ghost’; for ‘skilful’, ‘cunning’ and 
‘humorous’ are certainly mental predicates. 

It is, of course, perfectly true that when we characterise as witty 
or tactful some piece of overt behaviour, we are not considering 
Only the muscular movements which we witness. A parrot might 
have made the same remark in the same situation without our 
crediting it with a sense of humour, or a lout might have done y 
precisely what the tactful man did, without our thinking him 
tactful. But if one and the same vocal utterance is a stroke of 
humour from the humorist, but a mere noise-response when - 
issuing from the parrot, it is tempting to say that We are ascribing E- 
Wit not to something that we hear but to something else that we 
do not hear. We are accordingly tempted to say that what makes 
One audible or visible action witty, while another audibly or 
visibly similar action was not, is that the former was attended by 
another inaudible and invisible action which was the real exercise 
of wit. But to admit, as we must, that there may be no visible or 
audible difference between a tactful or witty act and a tactless or 
humourless one is not to admit that the difference is constituted - 
by the performance or non-performance of some extra secret acts. 

The cleverness of the clown may be exhibited in his tripping and 
tumbling. He trips and tumbles just as clumsy people do, except 
that he trips and tumbles on purpose and after much rehearsal 
and at the golden moment and where the children can see him { 
and so as not to hurt himself. The spectators applaud his skill at 
seeming clumsy, but what they applaud is not some extra hidden 
performance executed ‘in his head’. It is his visible performance - 
that they admire, but they admire it not for being an effect of any 
hidden internal causes but for being an exercise of a skill. Now a 
skill is not anact. It is therefore neither a witnessable nor an unwit- 
Nessable act. To recognise that a performance is an exercise ofa . 
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skill is indeed to appreciate it in the light of a factor which could 
not be separately recorded by a camera. But the reason why the 
skill exercised in a performance cannot be separately recorded by 
a camera is not that it is an occult or ghostly happening, but that 
it is not a happening at all. It is a disposition, or complex of dis- 
positions, and a disposition is a factor of the wrong logical type 
to be seen or unseen, recorded or unrecorded. Just as the habit of 
talking loudly is not itself loud or quiet, since it is not the sort of 
term of which ‘loud’ and ‘quiet’ can be predicated, or just as a 
susceptibility to headaches is for the same reason not itself un- 
endurable or endurable, so the skills, tastes and bents which are 
exercised in overt or internal operations are not themselves overt 
or internal, witnessable or unwitnessable. The traditional theory 
of the mind has misconstrued the type-distinction between dis- 
position and exercise into its mythical bifurcation of unwitness- 
able mental causes and their witnessable physical effects [. . . .] 
There has fairly recently come into general use a certain special 
sense of the words ‘mental’ and ‘mind’, We speak of *mental 
arithmetic’, of ‘mind-reading’ and of debates going on ‘in the 
mind’, and it certainly is the case that what is in this sense mental 
is unwitnessable. A boy is said to be doing ‘mental arithmetic’ 
when instead of writing down, or reciting aloud, the numerical 
symbols with which he is operating, he says them to himself, per- 
forming his calculations in silent soliloquy. Similarly a person is 
said to be reading the mind of another when he describes truly 
what the other is saying or picturing to himself in auditory or 
visual images. That these are special uses of ‘mental’ and ‘mind’ 
is easily shown. For a boy who does his calculating aloud, or on 
paper, may be reasoning correctly and organising his steps 
methodically; his reckoning is not the less a careful intellectual 


- operation for being conducted in public instead of in private. His 


performance is therefore an exercise of a mental faculty in the 
normal sense of ‘mental’. 

Now calculating does not first acquire the rank of proper think- 
ing when its author begins to do it with his lips closed and his 
hands in his pockets. The sealing of the lips is no part of the 
definition of thinking. A man may think aloud or half under his 
breath; he may think silently, yet with lip-movements conspicuous 
enough to be read by a lip-reader; or he may, as most of us have 
done since nursery-days, think in silence and with motionless lips- 
The differences are differences of social and personal convenience; 
of celerity and of facility. They need import no more differences 
into the coherence, cogency or appropriateness of the intellectual 
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operations performed than is imported into them by a writer's 
preference for pencils over pens, or for invisible ink over ordinary 
ink. A deaf and dumb person talks in manual signs. Perhaps, 
When he wants to keep his thoughts to himself, he makes these 
signs with his hands kept behind his back or under the table. The 
fact that these signs might happen to be observed by a Paul Pry 


would not lead us or their maker to say that he was not thinking. 


This special use of ‘mental’ and ‘mind’ in which they signify 
what is done ‘in one’s head’ cannot be used as evidence for the 
dogma of the ghost in the machine. It is nothing but a contagion 
from that dogma. The technical trick of conducting our thinking 
in auditory word-images, instead of in spoken words, does in- 
deed secure secrecy for our thinking, since the auditory imagin- 
ings of one person are not seen or heard by another (or, as we 
Shall see, by their owner either). But this secrecy is not the 
Secrecy ascribed to the postulated episodes of the ghostly shadow- 
world. It is merely the convenient privacy which characterises the 
tunes that run in my head and the things that I see in my mind’s 
eye. 

Moreover the fact that a person says things to himself in his 
head does not entail that he is thinking. He can babble deliriously, 
Or repeat jingles in inner speech, just as he can in talking aloud. 
The distinction between talking sense and babbling, or between 
thinking what one is saying and merely saying, cuts across the 
distinction between talking aloud and talking to oneself. What 
makes a verbal operation an exercise of intellect is independent of 
what makes it public or private. Arithmetic done with pencil and 
Paper may be more intelligent that mental arithmetic, and the 
Public tumblings of the clown may be more intelligent than the 
tumblings which he merely ‘sees’ in his mind’s eye or ‘feels? in 
his mind’s legs, if, as may or may not be the case, any such imagin- 
Ings of antics occur. 


(5) ‘In My Head’ 

It is convenient to say something here about our everyday use of 
the phrase ‘in my head’, When I do mental arithmetic, I am likely 
to say that I have had the numbers with which I have been work- 
ing ‘in my head’ and not on paper; and if I have been listening to 
a catchy air or a verbal jingle, I am likely to describe myself later 
On as still having the tune or jingle ‘running in my head’. It is 
"in my head’ that I go over the Kings of England, solve anagrams 


and compose limericks. Why is this felt to be an appropriate and - 


expressive metaphor? For a metaphor it certainly is. No one 
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thinks that when a tune is running in my head, a surgeon could 
unearth a little orchestra buried inside my skull or that a doctor 
by applying a stethoscope to my cranium could hear a muffled 
tune, in the way in which I hear the muffled whistling of my 
neighbour when I put my ear to the wall between our rooms [. . . .] 
|. WhenI hear the words that you utter or the tunes that the band 
. plays, I ordinarily have an idea, sometimes a wrong one, from 
which direction the noises come and at what distance from me 
their source is. But when I hear the words that I myself utter 
aloud, the tunes that I myself hum, the sounds of my own chew- 
ing, breathing and coughing, the situation is quite different since 
here there is no question of the noises coming from a source 
which is in any direction or at any distance from me. I do not 
have to turn my head about in order to hear better, nor can I 
advance my ear nearer to the source of the noise. Furthermore, 
though I can shut out, or muffle, your voice and the band’s tunes 
by stopping up my ears, this action, so far from decreasing, in- 
. creases the loudness and resonance of my own voice. My own 
utterances, as well as other head-noises like throbbings, sneezes, 
sniffs and the rest, are not airborne noises coming from a more 
_ or less remote source; they are made in the head and are heard 
through the head, though some of them are also heard as air- 
borne noises. If I make noises of a very resonant or hacking kind, 
IT can feel the vibrations or jerks in my head in the same sense of 
‘feel in’ as I feel the vibrations of the tuning-fork in my hand. 
Now these noises are literally and not metaphorically in the 
_ head. They are real head-borne noises, which the doctor could 
_ hear through his stethoscope. But the sense in which we say that 
. "the schoolboy doing mental arithmetic has his numbers not on 
_ paper but in his head is not this literal sense but a metaphorical 
.. sense borrowed from it. That his numbers are not really being 
heard in his head in the way in which he really hears his own 
coughing in his head is easily shown. For if he whistles or yells 
loudly with his ears stopped up, he can half-deafen himself or set 
hisears singing. But if in doing his mental arithmetic, he‘ sings’ his 
. numbers to himself as if in a very shrill voice, nothing half-deafen- 
ing occurs. He makes and hears no shrill noises, for he is merely 
imagining himself making and hearing shrill noises, and an 
imagined shriek is not a shriek, and it is not a whisper either. But 
he describes his numbers as being in his head, just as I describe 
my ‘Rule Britannia’ as running in my head, because this is à 
lively way of expressing the fact that the imagination of the DIO. 
duction-cum-audition is a vivid one. Our phrase *in my head' is 
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meant to be understood as inside inverted commas, like the verb — 
‘see’ in such expressions as ‘I “see” the incident now, though it 
took place forty years ago’. If we were really doing what we ~ 
imagine ourselves doing, namely, hearing ourselves saying or 
humming things, then these noises would be in our heads in the | 
literal usage of the phrase. However, since we are not producing, — 
or hearing noises, but only fancying ourselves doing so, when we 
say that the numbers and the tunes that we imagine ourselves 
droning to ourselves are ‘in our heads’, we say it in the knowing 
tone of voice reserved for expressing things which are not to be — 
taken literally [. . . .] 

So when we want to emphasise the fact that something is not — 
really being seen or heard, but is only being imagined as seen or - 
heard, we tend to assert its imaginariness by denying its distance, 
and, by a convenient impropriety, we deny its distance by assert- 
ing its metaphorical nearness. ‘Not out there, but in here; not — 
outside the shutters and real, but inside the shutters and unreal’, 
‘not an external reality, but an internal phantasm’. We have no 
such linguistic trick for describing what we imagine ourselves 
feeling, smelling, or tasting. A passenger on à ship feels the deck 
rolling beneath him chiefly in his feet and calves; and when he- 
gets ashore, he still ‘feels’ the pavement rolling beneath him "in 
his feet and calves’; but as kinaesthetic feeling is not à distance- 
sense, he cannot pillory his imaginary leg-feelings as illusions by 
saying that the rolling is in his legs and not in the street, for the 
rolling that he had felt when aboard has equally been felt in his 
legs. He could not have said ‘I feel the other end of the ship - 
rolling’. Nor does he describe the illusory rolling of the pave- — 
ments as being ‘felt in his head’, but only as ‘felt in his legs"... 

I suggest, then, that the phrase ‘in the head’ is felt to be an 
appropriate and expressive metaphor in the first instance for 
vividly imagined self-voiced noises, and secondarily for any | 
imaginary noises and even for imaginary sights, because in these 
latter cases a denial of distance, by assertion of metaphorical 
nearness, is intended to be construed as an assertion of imagin- 
ariness; and the nearness is relative, not so much to the head- 
organs of sight and hearing themselves, as to the places where | 
their shutters are put up. It is an interesting verbal point that — 
people sometimes use ‘mental’ and ‘merely mental’ as synonyms 
for ‘imaginary’. Á m 

But it does not matter for my general argument whether this 
excursus into philology is correct or not. It will serve to draw 
attention to the sorts of things which we say are ‘in our heads’, 
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namely, such things as imagined words, tunes and, perhaps, vistas. 
When people employ the idiom *in the mind', they are usually 
expressing over-sophisticatedly what we ordinarily express by the 
less misleading metaphorical use of ‘in the head’. The phrase ‘in 
the mind’ can and should always be dispensed with. Its use 
habituates its employers to the view that minds are queer ‘places’, 
the occupants of which are special-status phantasms. It is part of 
the function of this book to show that exercises of qualities of 
mind do not, save per accidens, take place ‘in the head’, in the 
ordinary sense of the phrase, and those which do so have no 
special priority over those which do not. 


(© The Positive Account of Knowing How 

So far I hope to have shown that the exercise of intelligence in 
practice cannot be analysed into a tandem operation of first 
considering prescriptions and then executing them. We have also 
examined some of the motives which incline theorists to adopt 
this analysis. 

But if to perform intelligently is to do one thing and not two 
things, and if to perform intelligently is to apply criteria in the 
conduct of the performance itself, it remains to show how this 
factor does characterise those operations which we recognise as 
skilful, prudent, tasteful or logical. For there need be no visible 
or audible differences between an action done with skill and one 
done from sheer habit, blind impulse or in a fit of absence of 
mind. A parrot may squawk out ‘Socrates is mortal’ immediately 
after someone has uttered premisses from which this conclusion 
follows. One boy may, while thinking about cricket, give by rote 
the same correct answer to a multiplication problem which 
another boy gives who is thinking what he is doing. Yet we do 
not call the parrot ‘logical’, or describe the inattentive boy as 
working out the problem. 

Consider first a boy learning to play chess. Clearly before he 
has yet heard of the rules of the game he might by accident make 
a move with his knight which the rules permit. The fact that he 
makes a permitted move does not entail that he knows the rule 
which permits it. Nor need the spectator be able to discover in 
the way the boy makes this move any visible feature which shows 
whether the move is a random one, or one made in knowledge 
of the rules. However, the boy now begins to learn the game 
properly, and this generally involves his receiving explicit in- 
struction in the rules. He probably gets them by heart and is then 

ready to cite them on demand. During his first few games he 
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probably has to go over the rules aloud or in his head, and to ask 
now and then how they should be applied to this or that particu- 
lar situation. But very soon he comes to observe the rules without 
thinking of them. He makes the permitted moves and avoids the 
forbidden ones; he notices and protests when his opponent breaks 
the rules. But he no longer cites to himself or to the room the 
formulae in which the bans and permissions are declared. It has 
become second nature to him to do what is allowed and to avoid 
what is forbidden. At this stage he might even have lost his former 
ability to cite the rules. If asked to instruct another beginner, he 
might have forgotten how to state the rules and he would show 
the beginner how to play only by himself making the correct 
moves and cancelling the beginner’s false moves. 3 

But it would be quite possible for a boy to learn chess without 
ever hearing or reading the rules at all. By watching the moves 
made by others and by noticing which of his own moves were 
conceded and which were rejected, he could pick up the art of 
playing correctly while still quite unable to propound the regula- 
tions in terms of which ‘correct’ and ‘incorrect’ are defined. We 
all learned the rules of hunt-the-thimble and hide-and-seek and 
the elementary rules of grammar and logic in this way. We learn 
how by practice, schooled indeed by criticism and example, but 
often quite unaided by any lessons in the theory. 

It should be noticed that the boy is not said to know how to 
play, if all that he can do is to recite the rules accurately. He must 
be able to make the required moves. But he is said to know how to 
play if, although he cannot cite the rules, he normally does make 
the permitted moves, avoid the forbidden moves and protest if 
his opponent makes forbidden moves. His knowledge how is 
exercised primarily in the moves that he makes, or concedes, and 
in the moves that he avoids or vetoes. So long as he can observe 
the rules, we do not care if he cannot also formulate them. It is 
not what he does in his head or with his tongue, but what he does 
On the board that shows whether or not he knows the rules in the 
executive way of being able to apply them. Similarly a foreign 
Scholar might not know how to speak grammatical English as 
Well as an English child, for all that he had mastered the theory 


of English grammar. 


(7) Intelligent Capacities versus Habits 

The ability to apply rules is the product of practice. It is there- 
fore tempting to argue that competences and skills are just 
habits, They are certainly second natures or acquired dispositions, 
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but it does not follow from this that they are mere habits. Habits 
are one sort, but not the only sort, of second nature, and it will 
be argued later that the common assumption that all second 
natures are mere habits obliterates distinctions which are of 
cardinal importance for the inquiries in which we are engaged. 
The ability to give by rote the correct solutions of multiplica- 
tion problems differs in certain important respects from the ability 
to solve them by calculating. When we describe someone as doing 
something by pure or blind habit, we mean that he does it auto- 
matically and without having to mind what he is doing. He does 
not exercise care, vigilance or criticism. After the toddling-age we 
walk on pavements without minding our steps. But a mountaineer 
walking over ice-covered rocks in a high wind in the dark does 
not move his limbs by blind habit; he thinks what he is doing, he 
is ready for emergencies, he economises in effort, he makes tests 
and experiments; in short he walks with some degree of skill and 
judgment. If he makes a mistake, he is inclined not to repeat it, 
and if he finds a new trick effective he is inclined to continue to 
use it and to improve on it. He is concomitantly walking and 
teaching himself how to walk in conditions of this sort. It is of 
the essence of merely habitual practices that one performance is a 
replica of its predecessors. It is of the essence of intelligent prac- 
tices that one performance is modified by its predecessors. The 
agent is still learning. 
This distinction between habits and intelligent capacities can be 
illustrated by reference to the parallel distinction between the 
. methods used for inculcating the two sorts of second nature. We 
build up habits by drill, but we build up intelligent capacities by 
training. Drill (or conditioning) consists in the imposition of 
repetitions. The recruit learns to slope arms by repeatedly going 
through just the same motions by numbers. The child learns the 
alphabet and the multiplication tables in the same way. The prac- 
tices are not learned until the pupil’s responses to his cues are 
automatic, until he can ‘do them in his sleep’, as it is revealingly 
put. Training, on the other hand, though it embodies plenty of 
sheer drill, does not consist of drill. It involves the stimulation 
by criticism and example of the pupil’s own judgment. He learns 
how to do things thinking what he is doing, so that every opera- 
tion performed is itself a new lesson to him how to perform better. 
The soldier who was merely drilled to slope arms correctly has to 
be trained to be proficient in marksmanship and map-reading. 
Drill dispenses with intelligence, training develops it. We do not 
expect the soldier to be able to read maps ‘in his sleep’. 


146 


G. RYLE 


There is a further important difference between habits and in- 
telligent capacities, to bring out which it is necessary to say a few 
words about the logic of dispositional concepts in general. 

When we describe glass as brittle, or sugar as soluble, we are 
using dispositional concepts, the logical force of which is this. 
The brittleness of glass does not consist in the fact that it is at a 
given moment actually being shivered. It may be brittle without 
ever being shivered. To say that it is brittle is to say that if it ever 
is, or ever had been, struck or strained, it would fly, or have 
flown, into fragments. To say that sugar is soluble is to say 
that it would dissolve, or would have dissolved, if immersed in 
water. " 

A statement ascribing a dispositional property to a thing has 
much, though not everything, in common with a statement sub- 
Suming the thing under a law. To possess a dispositional property 
is not to be in a particular state, or to undergo a particular change, 
When a particular condition is realised. The same is true about 
Specifically human dispositions such as qualities of character. My 
being an habitual smoker does not entail that I am at this or that 
moment smoking; it is my permanent proneness to smoke when 
I am not eating, sleeping, lecturing or attending funerals, and 
have not quite recently been smoking. 

_In discussing dispositions it is initially helpful to fasten on the 
Simplest models, such as the brittleness of glass or the smoking 
habit of a man. For in describing these dispositions it is easy to 
unpack the hypothetical proposition implicitly conveyed in the 
ascription of the dispositional properties. To be brittle is just to 
be bound or likely to fly into fragments in such and such condi- 
tions; to be a smoker is just to be bound or likely to fill, light and © 
draw on a pipe in such and such conditions. These are simple, 
Single-track dispositions, the actualisations of which are nearly 
uniform, eed. 

, But the practice of considering such simple models of disposi- 
tions, though initially helpful, leads at a later stage to erroneous 
assumptions. There are many dispositions the actualisations of 
Which can take a wide and perhaps unlimited variety of shapes; 
many disposition-concepts are determinable concepts. When an 
Object is described as hard, we do not mean only that it would 
resist deformation; we mean also that it would, for example, give 
Out a sharp sound if struck, that it would cause us pain if we came 
Into sharp contact with it, that resilient objects would bounce off 
It, and so on indefinitely. If we wished to unpack all that is con- 
Veyed in describing an animal as gregarious, We should similarly 
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have to produce an infinite series of different hypothetical pro- 
positions. 

Now the higher-grade dispositions of people with which this 
inquiry is largely concerned are, in general, not single-trace dis- 
positions, but dispositions the exercises of which are indefinitely 
heterogeneous. When Jane Austen wished to show the specific 
kind of pride which characterised the heroine of Pride and 
Prejudice, she had to represent her actions, words, thoughts and 
feelings in a thousand different situations. There is no one 
standard type of action or reaction such that Jane Austen could 
say ‘My heroine's kind of pride was just the tendency to do this, 
whenever a situation of that sort arose’. 

Epistemologists, among others, often fall into the trap of ex- 
pecting dispositions to have uniform exercises. For instance, when 
they recognise that the verbs ‘know’ and ‘believe’ are ordinarily 
used dispositionally, they assume that there must therefore exist 
one-pattern intellectual processes in which these cognitive dis- 
positions are actualised. Flouting the testimony of experience, 
they postulate that, for example, a man who believes that the 
earth is round must from time to time be going through some 
unique proceeding of cognising, ‘judging’, or internally re-assert- 
ing, with a feeling of confidence, ‘The earth is round’. In fact, of 
course, people do not harp on statements in this way, and even 
if they did do so and even if we knew that they did, we still 
should not be satisfied that they believed that the earth was 
round, unless we also found them inferring, imagining, saying and 
doing a great number of other things as well. If we found them 
inferring, imagining, saying and doing these other things, we 
should be satisfied that they believed the earth to be round, even 
if we had the best reasons for thinking that they never internally 
harped on the original statement at all. However often and 
stoutly a skater avers to us or to himself that the ice will bear, he 
shows that he has his qualms if he keeps to the edge of the pond, 
calls his children away from the middle, keeps his eye on the life- 
belts or continually speculates what would happen if the ice 
broke. 


(8) The Exercise of Intelligence 

In judging that someone’s performance is or is not intelligent, We 
have, as has been said, in a certain manner to look beyond the 
performance itself. For there is no particular overt or inner 
performance which could not have been accidentally or *mecha- 
nically’ executed by an idiot, a sleep-walker, a man in panic, 
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absence of mind or delirium or even, sometimes, by a parrot. But 
in looking beyond the performance itself, we are not trying to 
pry into some hidden counterpart performance enacted on the 
supposed secret stage of the agent's inner life. We are consider- 
ing his abilities and propensities of which this performance was 
an actualisation. Our inquiry is not into causes (and a fortiori not 
into occult causes), but into capacities, skills, habits, liabilities 
and bents. We observe, for example, a soldier scoring a bull's eye. 
Was it luck or was it skill? If he has the skill, then he can get on or 
near the bull's eye again, even if the wind strengthens, the range 
alters and the target moves. Or if his second shot is an outer, his 
third, fourth and fifth shots will probably creep nearer and 
nearer to the bull's eye. He generally checks his breathing before 
pulling the trigger, as he did on this occasion; he is ready to 
advise his neighbour what allowances to make for refraction, 
wind, etc. Marksmanship is a complex of skills, and the question 
Whether he hit the bull's eye by luck or from good marksmanship 
is the question whether or not he has the skills, and if he has, 
Whether he used them by making his shot with care, self-control, 
attention to the conditions and thought of his instructions. 

To decide whether his bull’s eye was a fluke or a good shot, we 
need and he himself might need to take into account more than 
this one success. Namely, we should take into account his sub- 
Sequent shots, his past record, his explanations or excuses, the 
advice he gave to his neighbour and a host of other clues of 
Various sorts. There is no one signal of a man's knowing how to 
Shoot, but a modest assemblage of heterogeneous performances 
generally suffices to establish beyond reasonable doubt whether 
he knows how to shoot or not. Only then, if at all, can it be 
decided whether he hit the bull's eye because he was lucky, or 
Whether he hit it because he was marksman enough to succeed 
when he tried [. . . .] A 

Knowing how, then, is a disposition, but not a single-track 
disposition like a reflex or a habit. Its exercises are observances 
of rules or canons or the applications of criteria, but they are not 
tandem operations of theoretically avowing maxims and then 
Putting them into practice. Further, its exercises can be overt or 
covert, deeds performed or deeds imagined, words spoken aloud 
9r words heard in one's head, pictures painted on canvas or pic- 
tures in the mind’s eye. Or they can be amalgamations of the two. 

These points may be jointly illustrated by describing what hap- 
Dens when a person argues intelligently. There is a special point 
In selecting this example, since so much has been made of the 
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rationality of man; and part, though only part, of what people 
understand by ‘rational’ is ‘capable of reasoning cogently’. 
First, it makes no important difference whether we think of the 
reasoner as arguing to himself or arguing aloud, pleading, perhaps 
before an imagined court or pleading before a real court. The 
criteria by which his arguments are to be adjusted as cogent, clear, 
relevant and well organised are the same for silent as for de- 
claimed or written ratiocinations. Silent argumentation has the 
practical advantages of being relatively speedy, socially undis- 
turbing and secret; audible and written argumentation has the 
advantage of being less slap-dash, through being subjected to the 
criticisms of the audience and readers. But the same qualities of 
intellect are exercised in both, save that special schooling is 
required to inculcate the trick of reasoning in silent soliloquy. 
Next, although there may occur a few stages in his argument 
which are so trite that he can go through them by rote, much of 
his argument is likely never to have been constructed before. He 
has to meet new objections, interpret new evidence and make 
connections between elements in the situation which had not 
previously been co-ordinated. In short he has to innovate, and 
where he innovates he is not operating from habit. He is not re- 
peating hackneyed moves. That he is now thinking what he is 
doing is shown not only by this fact that he is operating without 
precedents, but also by the fact that he is ready to recast his ex- 
pression of obscurely put points, on guard against ambiguities or 
else on the look-out for changes to exploit them, taking care not 
to rely on easily refutable inferences, alert in meeting objections 
and resolute in steering the general course of his reasoning in the 
direction of his final goal. It will be argued later that all these 
words ‘ready’, ‘on guard’, ‘careful’, ‘on the look-out’ and 
‘resolute’ are semi-dispositional, semi-episodic words. They do 
not signify the concomitant occurrence of extra but internal 
operations, nor mere capacities and tendencies to perform further 
operations if the need for them should arise, but something be- 
tween the two. The careful driver is not actually imagining or 
planning for all of the countless contingencies that might crop up; 
nor is he merely competent to recognise and cope with any one of 
them, if it should arise. He has not foreseen the runaway donkey, 
yet he is not unprepared for it. His readiness to cope with such 
emergencies would show itself in the operations he would per- 
form, if they were to occur. But it also actually does show itself 
by the ways in which he converses and handles his controls even 
. when nothing critical is taking place. 
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Underlying all the other features of the operations executed by 
the intelligent reasoner there is the cardinal feature that he reasons 
logically, that is, that he avoids fallacies and produces valid 
proofs and inferences, pertinent to the case he is making. He 
observes the rules of logic, as well as those of style, forensic 
strategy, professional etiquette and the rest. But he probably 
observes the rules of logic without thinking about them. He does 
not cite Aristotle’s formulae to himself or to the court. He applies 
in his practice what Aristotle abstracted in his theory of such — 
practices. He reasons with a correct method, but without con- 
sidering the prescriptions of a methodology. The rules that he 
| Observes have become his way of thinking, when he is taking 
care; they are not external rubrics with which he has to square his 
thoughts. In a word, he conducts his operation efficiently, and to 
Operate efficiently is not to perform two operations. It is to per- 
form one operation in a certain manner or with a certain style 
or procedure, and the description of this modus operandi has to 
be in terms of such semi-dispositional, semi-episodic epithets as 
‘alert’, ‘careful’, ‘critical’, ‘ingenious’, ‘logical’, etc. [. . « J y 
The central point that is being laboured in this chapter is of 
considerable importance. It is an attack from one flank upon the 
category-mistake which underlies the dogma of the ghost in the 
machine. In unconscious reliance upon this dogma theorists and: 
laymen alike constantly construe the adjectives by which we 
characterise performances as ingenious, wise, methodical, careful, 
witty, etc., as signalising the occurrence in someone’s hidden 
Stream of consciousness of special processi functioning as 
ghostly harbingers or more specifically as occult causes of the 
performances so characterised. They postulate an internal 
Shadow-performance to be the real carrier of the intelligence 
ordinarily ascribed to the overt act, and think that in this way they 
explain what makes the overt act a manifestation of intelligence. 
They have described the overt act as an effect of a mental hap- 
Pening, though they stop short, of course, before raising the next 
Question — what makes the postulated mental happenings mani- 
festations of intelligence and not mental deficiency. : ra 
In opposition to this entire dogma, I am arguing that in c 
Scribing the workings of a person’s mind we are not describing 
a second set of shadowy. operations. We are describing certain 
Phases of his one career; namely, we are describing the ways m 
Which parts of his conduct are managed. The sense in which we 
‘explain’ his actions is not that we infer to occult causes, but 
that we subsume under hypothetical and semi-hypothetical 
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propositions. The explanation is not of the type 'the glass broke 
because a stone hit it’, but more nearly of the different type ‘the 
glass broke when the stone hit it, because it was brittle’. It makes 
no difference in theory if the performances we are appraising are 
operations executed silently in the agent's head, such as what he 
does, when duly schooled to it, in theorising, composing limericks 
or solving anagrams. Of course it makes a lot of difference in 
practice, for the examiner cannot award marks to operations 
which the candidate successfully keeps to himself. 

But when a person talks sense aloud, ties knots, feints or 
sculpts, the actions which we witness are themselves the things 
which he is intelligently doing, though the concepts in terms of 
which the physicist or physiologist would describe his actions do 
not exhaust those which would be used by his pupils or his 
teachers in appraising their logic, style or technique. He is bodily 
active and he is mentally active, but he is not being synchronously 
active in two different ‘places’ or with two different ‘engines’. 
There is the one activity, but it is one susceptible of and requiring 
more than one kind of explanatory description. Somewhat as 
there is no aerodynamical or physiological difference between the 
description of one bird as ‘flying south’ and of another as 
‘migrating’, though there is a big biological difference between 
these descriptions, so there need be no physical or physiological 
differences between the descriptions of one man as gabbling and 
another talking sense, though the rhetorical and logical differences 
are enormous. 

The statement *the mind is its own place', as theorists might 
construe it, is not true, for the mind is not even a metaphorical 
‘place’. On the contrary, the chessboard, the platform, the 
scholar's desk, the judge's bench, the lorry-driver's seat, the 
studio and the football field are among its places. These are 
where people work and play stupidly or intelligently. ‘Mind’ is 
not the name of another person, working or frolicking behind an 
impenetrable screen; it is not the name of another place where 

york is done or games are played; and it is not the name © 
another tool with which work is done, or another appliance Wit 
"which games are played. 


(9) Understanding and Misunderstanding 


It is being maintained throughout this book that when we char: ri 
terise people by mental predicates, we are not making untestable 
inferences to any ghostly processes occurring in streams of con- 
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sciousness which we are debarred from visiting; we are describing 
the ways in which those people conduct parts of their predomin- 
antly public behaviour. True, we go beyond what we see them do 
and hear them say, but this going beyond is not a going behind, 
in the sense of making inferences to occult causes; it is going 
beyond in the sense of considering, in the first instance, the 
powers and propensities of which their actions are exercises. But 
this point requires expansion. 

A person who cannot play chess can still watch games of chess. 
He sees the moves being made as clearly as does his neighbour 
Who knows the game. But the spectator who does not know the 
game cannot do what his neighbour does — appreciate the stupi- 
dity or cleverness of the players. What is this difference between 
merely witnessing a performance and understanding what is 
witnessed? What, to take another example, is the difference be- 
tween hearing what a speaker says and making sense of what he is 
heard to say? 

Advocates of the double-life legend will answer that under- 
standing the chess-player’s moves consists in inferring from the 
visible moves made on the board to unwitnessable operations 
taking place on the player's private stage. It is a process of in- 
ference analogous to that by which we infer from the seen move- 
ments of the railway-signals to the unseen manipulations of the 
levers in the signal-box. Yet this answer promises something that 
could never be fulfilled. For since, according to the theory, one 
person cannot in principle visit another person's mind as he can 
visit signal-boxes, there could be no way of establishing the 
necessary correlation between the overt moves and their hidden 
causal counterparts. The connections between levers and signal- 
arms are easy to discover. The mechanical principles of the ful- 
crum and the pulley, and the behaviour of metals in tension and 
compression are, at least in outline, familiar to us all. We know 
Well enough how the machinery inside the signal-box works, how 
that outside the signal-box works and how the two are mechanic- 
ally coupled. But it is admitted by those who believe in the legend 
of the ghost in the machine that no one yet knows much ab 
the laws governing the supposed workings of the mind, while 


Postulated interactions between the workings of the mind and 


the movements of the hand are acknowledged to be completely 
mysterious. Enjoying neither the supposed status of the mental, 
Dor the supposed status of the physical, these interactions cannot 
be expected to obey either the known laws of physics, or the still 
to be discovered laws of psychology. 
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It would follow that no one has ever yet had the slightest un- 
derstanding of what anyone else has ever said or done. We read 
the words which Euclid wrote and we are familiar with the things 
which Napoleon did, but we have not the slightest idea what they 
had in their minds. Nor has any spectator of a chess tournament 
or a football match ever yet had an inkling of what the players 
were after. 

But this is patently absurd. Anybody who can play chess al- 
ready understands a good deal of what other players do, and a 
brief study of geometry enables an ordinary boy to follow a good 
deal of Euclid’s reasoning. Nor does this understanding require a 
prolonged grounding in the not yet established laws of psycho- 
logy. Following the moves made by a chess-player is not doing se 
anything remotely resembling problematic psychological diag- 
nosis. Indeed, supposing that one person could understand 
another's words or actions only in so far as he made causal in- 
ferences in accordance with psychological laws, the queer conse- 
quence would follow that if any psychologist had discovered these 
laws, he could never have conveyed his discoveries to his fellow 
men. For ex hypothesi they could not follow his exposition of 
them without inferring in accordance with them from his words 
to his thoughts. [. .. .] 

If understanding does not consist in inferring, or guessing, the 
alleged inner-life precursors of overt actions, what is it? If it 
does not require mastery of psychological theory together with 
the ability to apply it, what knowledge does it require? We saw 
that a spectator who cannot play chess also cannot follow the 
play of others; a person who cannot read or speak Swedish can- 
not understand what is spoken or written in Swedish; and à 
person whose reasoning powers are weak is bad at following and 
retaining the argument of others. Understanding is a part O i 
knowing how. The knowledge that is required for understanding 
intelligent performances of a specific kind is some degree © 
competence in performances of that kind. The competent critic 


‘ rose-style, experimental technique or embroidery, must at | 
, know how to write, experiment or sew. Whether or not he | 
: 


1 


also learned some psychology matters about as much as 
whether he has learned any chemistry, neurology or economics: 
These studies may in certain circumstances assist his appreciation 
of what he is criticising; but the one necessary condition is that 
he has some mastery of the art or procedure, examples of whic! 
he is to appraise. For one person to see the jokes that another 
makes, the one thing he must have is a sense of humour and even 
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that special brand of sense of humour of which those jokes are 
exercises. [. .. .] 

This point, that the capacity to appreciate a performance is one 
in type with the capacity to execute it, illustrates a contention 
previously argued, namely, that intelligent capacities are not 
single-track dispositions, but are dispositions admitting of a wide 
variety of more or less dissimilar exercises. It is however neces- 
sary to make two provisos. First, the capacity to perform and to 
appreciate an operation does not necessarily involve the ability 
to formulate criticisms or lessons. A well-trained sailor boy can 
both tie complex knots and discern whether someone else is tying 
them correctly or incorrectly, deftly or clumsily. But he is prob- 
ably incapable of the difficult task of describing in words how the 
knots should be tied. And, second, the ability to appreciate a 
performance does not involve the same degree of competence as 
the ability to execute it. It does not take genius to recognise 
genius, and a good dramatic critic may be indifferent as an actor 
or playwright. There would be no teachers or pupils if the ability 
to understand operations required complete ability to perform 
them. Pupils are taught how to do things by people who know 
better than they how to do them. Euclid's Elements are neither a 
sealed, nor an open, book to the schoolboy. [. . . .] s 

Before we conclude this inquiry into understanding, something 
must be said about partial understanding and misunderstanding. 

Attention has already been drawn to certain parallelisms and 
certain non-parallelisms between the concept of knowing that and 
the concept of knowing how. A further non-parallelism must now 
be noticed. We never speak of a person having partial knowledge 
of a fact or truth, save in the special sense of his having know- 
ledge of a part of a body of facts or truths. A boy can be said to 
have partial knowledge of the counties of England, if he knows 


Some of them and does not know others. But he could not be — 


Said to have incomplete knowledge of Sussex being an English 
county. Either he knows this fact or he does not know it. On the 
Other hand, it is proper and normal to speak of a person knowing 
In part how to do something, i.e. of his having a particular caj 
city in a limited degree. An ordinary chess-player knows the gai 
Pretty well but a champion knows it better, and even the cham- 
Pion has still much to learn. t 
This holds, too, as we should now expect, of understanding. 
Án ordinary chess-player can partly follow the tactics and 
Strategy of a champion; perhaps after much study he will com- 
Dletely understand the methods used by the champion in certain - 
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particular matches. But he can never wholly anticipate how the 
champion will fight his next contest and he is never as quick or 
sure in his interpretations of the champion's moves as the 
champion is in making or, perhaps, in explaining them. 

Learning how or improving in ability is not like learning that or 
acquiring information. Truths can be imparted, procedures can 
only be inculcated, and while inculcation is a gradual process, 
imparting is relatively sudden. It makes sense to ask at what 
moment someone became apprised of a truth, but not to ask at 
what moment someone acquired a skill. * Part-trained' is a signifi- 
cant phrase, ‘part-informed’ is not. Training is the art of setting 
tasks which the pupils have not yet accomplished but are not any 
longer quite incapable of accomplishing. 

The notion of misunderstanding raises no general theoretical 
difficulties. When the card-player's tactics are misconstrued by 
his opponents, the manoeuvre they think they discern is indeed a 
possible manoeuvre of the game, though it happens not to be his 
manoeuvre. Only someone who knew the game could interpret 
the play as part of the execution of the supposed manoeuvre. 
Misunderstanding is a by-product of knowing how. Only a person 
who is at least a partial master of the Russian tongue can make 
the wrong sense of a Russian expression. Mistakes are exercises 
of competences. 

Misinterpretations are not always due to the inexpertness or 
carelessness of the spectator; they are due sometimes to the care- 
lessness and sometimes to the cunning of the agent or speaker. 
Sometimes, again, both are exercising all due skill and care, but 
it happens that the operations performed, or the words spoken, 
could actually be constituents of two or more different under- 
takings. The first ten motions made in tying one knot might be 
identical with the first ten motions required for tying another, ora 
set of premisses suitable for establishing one conclusion might be 
equally suitable for establishing another. The onlooker's mis- 
interpretation may then be acute and well-grounded. It is careless 

only in being premature. Feinting is the art of exploiting this 
Possibility. 

‘It is obvious that where misunderstanding is possible, under- 
standing is possible, It would be absurd to suggest that perhaps 
we always misconstrue the performances that we witness, for We 
could not even learn to misconstrue save in learning to construe, 
a learning process which involves learning not to misconstrue. 
Misinterpretations are in principle corrigible, which is part of the 
value of controversy. 
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(10) Solipsism 
Contemporary philosophers have exercised themselves with the 
Problem of our knowledge of other minds. Enmeshed in the i; 
dogma of the ghost in the machine, they have found it impossible 
to discover any logically satisfactory evidence warranting one 
person in believing that there exist minds other than his own. I 3 
can witness what your body does, but I cannot witness what your 
mind does, and my pretensions to infer from what your body does 
to what your mind does all collapse, since the premisses for such s 
inferences are either inadequate or unknowable. — E i 
| We can now see our way out of the supposed difficulty. I dis- i 
cover that there are other minds in understanding what other 
People say and do. In making sense of what you say, In appreciat- — 
ing your jokes, in unmasking your chess-stratagems, in following 
Your arguments and in hearing you pick holes in my arguments, 
Iam not inferring to the workings of your mind, I am following | 
them. Of course, I am not merely hearing the noises that you — — 
make, or merely seeing the movements that you perform. I am 
Understanding what I hear and see. But this understanding is not — 
inferring to occult causes. It is appreciating how the operations — 
are conducted. To find that most people have minds (though 
| idiots and infants in arms do not) is simply to find that they are 
| able and prone to do certain sorts of things, and this we do by 
Witnessing the sorts of things they do. Indeed we do not merely 
discover that there are other minds; we discover what specific 
qualities of intellect and character particular people have. In fact 4 
We are familiar with such specific matters long before we can 
comprehend such general propositions as that John Doe has a 
Mind, or that there exist minds other than our own; just as we 
know that stones are hard and sponges are soft, kittens are warm 
and active, potatoes are cold and inert, long before we can grasp 
Be Proposition that kittens are material objects, or that matter 
XIsts, 

Certainly there are some things which I can find out about - 
You only, or best, through being told of them by you. The oculist 
has to ask his client what letters he sees with his right and left 
eyes and how clearly he sees them; the doctor has to ask the 
Sufferer where the pain is and what sort of a pain it is; and the 
Psycho-analyst has to ask his patient about his dreams and day- 
dreams. If you do not divulge the contents of your silent solilo- 
Quies and other imaginings, I have no other sure way of finding 
Out what you have been saying or picturing to yourself. But the 
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f equence of your sensations and imaginings is not the sole field in 
which your wits and character are shown; perhaps only for 
| Junatics is it more than a small corner of that field. I find out most 

of what I want to know about your capacities, interests, likes, dis- 
. likes, methods and convictions by observing how you conduct 


your overt doings, of which by far the most important are your 
sayings and writings. Itisa subsidiary question how you conduct 
your imaginings, including your imagined monologues. 


— T ^4 "$28 is 
8 T.R. Miles 
On Defining Intelligence 


T. R. Miles, ‘Contributions to intelligence testing and the theory of 
intelligence. I. On defining intelligence’, Brit. J. educ. Psychol., 
vol. 27 (1957), pp. 153-65. 


We have first raised a dust and then complain that we cannot see. 
- BISHOP BERKELEY 


Summary. In offering what purport to be definitions of intelligence, 
psychologists do AU NS seem to have worked out what sense of 3 
the word ‘definition’ they have in mind. Six possible senses of the 

word ‘definition’ are here distinguished. Each sense is then discussed 
with special reference to the problem of defining intelligence. In the 
light of the distinctions made, the definitions of intelligence offered by 
Wechsler and Burt are critically examined from the point of view of 4 
methodology. 


I Introduction 


It is commonly thought to be a great scandal that psychologists 
cannot agree on a definition of intelligence. People then draw the 
conclusion that intelligence must be something very obscure and 
elusive to provoke such controversy. I do not dispute that there 
are many disagreements on matters of fundamental principle, but 
it seems to me that the issue has often been confused by un- 
necessary disputation and by argument at cross purposes. 

I shall not, in this paper, offer any definition of intelligence of - 
my own, nor shall I take sides on the question of whether a par- 
ticular definition is a good or bad one. My task is the preliminary P 
one of clearing the ground. The question towards which I wish 
to focus attention is: By what arguments do we establish that one — 
definition of intelligence is better than another ? E 

I shall suggest in answer to this question that the word defini- i 
tion’ is ambiguous, and that different arguments are appropriat n 
according to the sense in which the word ‘definition’ is being. 
used. 


1.1 ha hout the phrase ‘different senses of the. word - 

e definition” ee to foribus familiar ‘different kindsof definition t i 

Neither phrase is wholly satisfactory. The important point is that defining’ 

is not the name of a single procedure, but refers to a group of procedures ; 

aving a certain *family-resemblance" (to use Wittgenstein's phrase) 
between them. 
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II Different Senses of the Word ‘Definition’ 


In distinguishing different senses of the word ‘definition’ I have 
relied largely on the work of Robinson (1950).1 A distinction 
needs to be drawn in the first place between nominal and real 
definition.? Nominal definition is concerned in the main with the 
meaning of words rather than with the things for which the words 
appear to stand.? Robinson sub-divides nominal definition into 
two classes, (1) lexical definition and (2) stipulative definition. A 
lexical definition gives an account of how a word has in fact been 
used by a particular group of people; a stipulative definition states 
how the speaker proposes to use the word, irrespective of how 
that word has been used in the past. 

Tn contrast, ‘real definition’ is commonly taken to be definition 
of things. A real definition is supposed to tell us the *nature of the 
thing defined'. It is here that some of the biggest pitfalls in 
argument occur. Robinson distinguishes no less than twelve 
different activities, all of which have been bunched, very con- 
fusedly, under the general title ‘real definition’. Of these twelve I 
shall mention three: (1) The search for the essence or essential 
nature of a thing. This notion Robinson regards as misleading, on 
the grounds that there are no such things as essences in the sense 
given to the word ‘essence’ by Aristotle. In Robinson’s view, ‘Is it 
part of the essence of a swan to be white?’ is a disguised request 
for a nominal, not a real definition, and means no more than ‘If 
I were to see a creature otherwise like a swan but black, should I 
continue to give it the label ‘swan’??? (2) ‘Description plus 
naming.’ Robinson writes ‘Many so-called “real definitions" of 
the form x is yz are equivalent to the statement that: ‘The 
character yz occurs and I call this character (or it is commonly 
called) by the name ‘x’.””? Robinson regards this as a legitimate 
and useful activity, but suggests that ‘real definition’ is a mis- 
leading name for this activity, It suggests the hopeless search for 
real essences, and invites confusion with other activities also 
grouped under the heading of ‘real definition’. (3) The search for a 
key. A definition of x, on this showing, involves a single short 
sentence from which follow all the things which we need to 


1. This must not be taken as a suggestion that the work of earlier writers 
on the subject of definition can simply be dismissed. Many of the traditional 
‘rules’, e.g., that a definition should be per proximum genus et differentiam 
specificam seem to me not so much wrong as in need of reformulation. 

2. Compare Burt (1947, p. 129). 

3. This statement requires qualification, but is accurate enough for 
present purposes. 
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know about x. The stock example is geometry, where all the im- 
portant things we know about triangles — so it was supposed — 
follow from the definition of a triangle as a plane figure bounded 
by three straight lines. This account of a triangle thus provides 
the key to understanding a wide range of other true sentences 
about triangles. Again Robinson is hesitant to call such pro- 
cedure ‘real definition’, partly, once more, because it might be 
confused with his other eleven possible senses of ‘real definition’, 
and also because it tends to conceal from us the fact that in some 
Cases no such key may be discoverable. 

There is a further procedure, not discussed in any detail by 
Robinson, but playing quite a large part in modern psychology — 
the so-called ‘operational’ definition. This is an attempt to define 
the meaning of a word in terms of the observations, or scientific 
‘operations’, necessary if that word is to form part of a true sen- 
tence. Thus it might be said that the word ‘length’, requires to be 
defined in terms of the operations involved in measuring length, 
and that ‘This rod is 6-in long’ is meaningful in virtue of the 
Possibility of specifying in detail the appropriate operations.* 

This classification of definitions must not be regarded as ex- 
haustive, nor need the different activities which I have distin- 
guished be regarded as mutually exclusive. The important point 
which I wish to stress is that, until we know the sense in which 
the word ‘definition’ is being used, attempts to assess the merits 
or de-merits of a definition of intelligence are liable to lead to 
argument at cross-purposes. 


m Application to the Study of Intelligence 
(i) The ‘real essence? of intelligence. If we agree with Robinson 
that the notion of ‘real essences’ is a mistaken one,* then sen- 
tences which refer to ‘the real essences of intelligence’ are either 
illegitimate or in need of reformulation. Few, if any, writers at the 
Present time speak in as many words of the ‘essence’ of intelli- 
gence.? But there are plenty of people who ask about its ‘real 
nature’ or ‘real meaning’, which comes to much the same thing. 
he presupposition underlying such questions is that there is one 
thing and one only which intelligence is, and that the task of 


1. For further discussion, see Bridgman (1927), esp. Chapter 1. 

2. For the arguments which he gives in support of this view, see pp. 
153-6. The relevant passage in Aristotle is Metaphysics, Z, 4-6. 

3. The word ‘essence’ does occur, however, in the earlier literature on the 
Subject of intelligence. Thus, Spearman (1927, p. 15) quotes an earlier 
writer, Bobertag, as saying, ‘The knowledge of the essence of intelligence is 
naturally a thing that merits profound research’ (my italics). 
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_ psychologists is to discover it. Any sentence starting intelligence 
is...’ justifiably arouses one’s suspicions. i a 

The assumption behind the mistake seems to bet hat every » € 
has one settled and precise meaning, or, more strictly, that classi- 
fications of things in nature are somehow done for us. The truth 
is surely that we must classify as suits our purposes. For many 
purposes it is helpful to classify behaviour into intelligent and 
‘unintelligent’, but it does not follow that there is to be found in 
the universe one permanently existing ‘thing’ which intelligence is. 
It is important in this connection to pay attention to inverted 
commas. One function of inverted commas - there are others — is 
to indicate that a word is being mentioned as opposed to used. 
Thus, when I say ‘This table is brown’, I am using the word ‘table’ 
not mentioning it, and no inverted commas are needed. On the 
other hand, if I say ** Table" is the English equivalent of the 
Latin “mensa ”’, I am mentioning the words ‘table’ and ‘mensa’ 
and both require inverted commas. In exactly the same way, if 
we are using the word ‘intelligence’, as in ‘Intelligence increases 
. up to age 15°, there are no inverted commas; but if we say, ‘I 

recommend that the word “intelligence” be defined in a particu- 
lar way’, we are mentioning the word ‘intelligence’, not using it, 
and the inverted commas are indispensable. 

When Piaget (1950, p. 7), says, ‘Intelligence is thus only a 
generic term to indicate the superior forms of organisation or 
equilibrium of cognitive Structurings,’ it seems fair to point out 
that the word ‘intelligence’ is being mentioned here, not used, and 
that inverted commas round the word ‘intelligence’ would make 
his formidable statement, if not crystal-clear, at least easier. In 
. general, it may be said that the surest way of avoiding muddle 

about ‘real essences’ is to Pay strict attention to inverted commas. 


(ii) Lexical definitions and the appeal to ordinary usage. I pro- 


. Pose to argue in this section that, as far as lexical definitions of 


intelligence are concerned, there need be no serious disputes 
among psychologists. It is implicit in the notion of a lexical 
. definition that its merits should be decidable by an appeal to 
12 ordinary usage. This appeal presents certain problems which re- 
. quire discussion; but even if two psychologists did in fact disagree 


Ty usage, no important theoretical 
consequences would follow. 


I shall begin by con: 
which the word ‘intelli 
attempt to remove SO; 


sidering certain points about the way in 
gence’ normally functions, and I shall then 
me of the confusions and difficulties that are 
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liable to arise in connection with discussions about the lexical 
definition of intelligence. 

(a) The word ‘intelligence’ is the noun of the adjective ‘intelli- 
gent’. This point seems obvious, but is none-the-less informative. 
If we are not careful, we are liable to suppose that all nouns refer 
to ‘things’, whereas it is by no means obvious that the word 
‘intelligence’ can correctly be said to refer to a ‘thing’. By using 
the adjective ‘intelligent’ any temptation towards misleading 
hypostatisation (i.e., treating words as ‘thing’-words when they 
are not) can be avoided. Instead of the unsatisfactory * What is 
intelligence?’ we can now ask ‘What is the meaning of the word 
"intelligent °°? or, perhaps better, ‘How does one test if a person 
is intelligent? i.e., what constitute samples of intelligent be- 
haviour?* 

(b) The word ‘intelligent’ may be labelled a disposition-word.* 
Here are further examples of disposition-words — ‘Lazy’, ‘bad- 
tempered’, ‘cheerful’, ‘kind-hearted’, ‘punctual’. In all these 
Cases there is no necessary suggestion of a person’s actually doing 
something here and now. ‘X is very kind-hearted’ may be true 
even though at this moment X happens to be asleep. The sugges- 
tion is rather that a person to whom any of these adjectives 
applies is disposed to act in certain ways, i.e., that if certain condi- 
tions are fulfilled, certain behaviour will follow. Thus ‘X is lazy’ 
is approximately equivalent to ‘If X is given any hard tasks he 
usually tries to shirk them.’ In general, sentences containing dis- 
Position-words can be replaced by sentences containing the words 

if... then’, Similarly, ‘X is intelligent’ can be taken as equiva- 
lent to ‘If X is placed in particular circumstances he produces 
Tesponses of a particular kind’ — e.g., if he is present at a group 


discussion he makes appropriate remarks, if presented with a - 


difficult crossword puzzle he can usually solve it, and so on. 

: I want now to introduce three further technical terms in addi- 
tion to ‘disposition-word’. The word ascribing the disposition, 
Such as ‘lazy? or ‘punctual’, I shall refer to as the substrate; the 
actual or possible manifestations of the disposition I shall refer to 
as the exemplaries. Thus the exemplaries of ‘X is kind-hearted’ 
are the particular occasions when he is kind to people, the exem- 
Plaries of *X is lazy’ are the particular occasions when he shirks 
tasks, and so on. Thirdly, I shall make use of the term poly- 
morphous.? The concepts ‘grocer’ and *solicitor' are, we might 

1. Compare Ryle (1949), Chapter 5. 


2. This term, and the following examples, are due to Ryle. There is no 
Teference to Freud's use of the word. 
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b Ss ay, polymorphous as compared with the concept ‘baker’, A 
.. baker, qua baker, does one thing only — he bakes. A grocer does 
all sorts of different things — he weighs out sugar, he sells butter, 
he cuts bacon, and so on. A solicitor draws up wills, advises 
clients, etc., etc. There is no one way to manifest being a grocer or 
a solicitor. Similarly, ‘lazy’ and *bad-tempered' are polymor- 
phous concepts as compared with ‘punctual’. The exemplaries of 
being punctual are an unvaried series of arrivals on time, the 
exemplaries of being lazy or bad-tempered cover a wide range of 
different sorts of behaviour. 
(c) Using this terminology we may say that ‘intelligent’ is a 
polymorphous concept. In other words there are many different 
. exemplaries which the substrate ‘intelligent’ carries; the intelli- 
» gence may manifest itself altogether differently on different 
occasions. 
(d) Finally, it should be stressed that the list of exemplaries 
carried by the word ‘intelligent’ is open. In other words, no one 
has ever made any precise legislation as to what shall or shall not 
count as exemplaries of the word ‘intelligent’; nor is there any 
precise list laid up in heaven for the discerning to discover. Just 
. now I mentioned two examples — making appropriate remarks 
ina discussion and being able to solve difficult crossword puzzles. 
. But clearly these are only two exemplaries among many. By 
making stipulative definitions we can formulate a precise list of 
 exemplaries if we wish, but ‘intelligence’, as it functions in 
_ ordinary speech, carries no such list. 
... Now the fact that the list of exemplaries carried by the word 
‘intelligent’ is ‘open’ may give rise to disputes in the less straight- 
forward type of case. Sometimes, of course, disputes may be 
genuinely factual. Thus, if it is known that X has an extra- 
ordinary facility for rapid calculation in his head, someone may 
. Still say, ‘But he may not be intelligent’, the suggestion being that 
‘other exemplaries carried by the word ‘intelligent’ will not be 
satisfied. In other cases the dispute is in a sense a verbal one - a 
matter for linguistic decision. Spearman (1927, p. 10) quotes an 
amusing example in this connection: * Trabue . . . told ofa woman 
. who, although making a bad record with the tests, nevertheless 
7 became “the housekeeper at one of the finest Fifth Avenue hotels, j 
where she successfully directed the work of a corps of approxi- à 
. mately fifty maids, three Carpenters, two decorators, and a A 
plumber". He was moved to conclude as follows: “ In spite of the 
. evidence of the tests I insist that she is intelligent."* Perhaps there 
_ i$ some factual dispute here as to how the woman would behave 
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in different circumstances, but Trabue's words suggest that the. 
point at issue is not how the woman is likely to behave in different — 
circumstances, but whether ability to supervise fifty maids, etc., — 
constitutes exemplaries of the word ‘intelligent’. To this question 
there is no uncontroversial answer, not because we are incom- — 
petent psychologists, but because the inexactness of ordinary - 
language makes a conclusive answer impossible. 

Even, however, if a psychologist is accused in his definition of 
intelligence of doing extreme violence to ordinary usage, no im- 
portant principle is at stake. All that he need do is to leave the 
word ‘intelligence’ imprecise and invent a special technical term K 
of his own. Thus, if we are sure in advance that it is informative — 
to test a person's memory span for digits, and if, as a result, we 
include such an item in what we call an ‘intelligence-test’, we will — 
not be seriously worried if someone says, ‘But this is a test of 
memory, not intelligence.’ All that is required is to invent a new — 
technical term and to say that shat is what we are measuring. The - 
important point is not whether what we measure can appropri — 
ately be labelled ‘intelligence’, but whether we have discovered. 
something worth measuring. And this is not a matter that can be 
settled by an appeal to what is or is not the correct use of the - 
word ‘intelligent’. - h ‘2a 

One final point should be made in connection with lexical 
definitions. When it is said that psychologists do not agree on the | 
definitions of intelligence, the position may seem all the more | 
absurd if we unwittingly assume that they disagree about its- 
lexical definition. Psychologists in that case are guilty of usinga | 
word without explaining its meaning and perhaps without being © 
able to do so. It is as though someone attempted to give a talk on. 
armadillos when neither he nor his audience knew what the word 1 
‘armadillo’ meant. Clearly, explanation of any new or unfamiliar 
word is obligatory as soon as that word is introduced.? In the 
case of the word ‘intelligence’, however, no one, surely, wants à 
definition in this sense. In the standard sense of 'know the mean- 
ing of", the great majority of English-speaking adults, including 
psychologists, know the meaning of the word intelligence" al- 
ready. To put the matter somewhat more precisely, they can 


1. Spearman seems to me to have shown himself extremely sensitive to ^ 
this sort of problem. Compare his well-known dictum that ‘intelligence’ is 
'a word with so many meanings that finally it has none (1927, p. 14). 

2. Compare Robinson (1950, p. 41). As Robinson in effect points out, 
the question whether definitions should come at the beginning or at the 
end of an enquiry cannot be answered unless we are told the sense in which 


the word ‘definition’ is being used. 
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recognise particular pieces of behaviour as constituting exem- 

[ plaries of the word ‘intelligent’. No one thinks that, if the word 
‘intelligence’ figured in the Terman-Merrill vocabulary test, 
most professional psychologists would fail to secure a pass. 
Psychologists may disagree as to what general formula, if any, 
will lead to significant advances in our understanding of intelli- 
gent behaviour; but, as far as lexical definitions are concerned, 
there is very little that they could disagree about, and certainly 
nothing of major importance. 


(iii) Stipulative definition. (iv) Description plus naming; and (v) 
The search for a key. These three processes will be considered 
under the same heading since there is considerable overlap be- 
tween them. 
To frame a stipulative definition involves either coining a new 
_ word or announcing that one intends to use an existing word in a 
special way. Stipulative definitions of intelligence clearly involve 
the latter. In all uses the purpose of the stipulation needs to be 
. considered. The need, in this case, is for concepts which help our 
. understanding of intelligent behaviour. 
“Description plus naming? is a helpful activity in psychology, 
provided what is named is something worth investigating. Simi- 
larly, to ‘search for a key’ is helpful, provided that the key, when 
we find it, really does unlock the requisite doors. Both these 
activities (which can legitimately be regarded as varieties of 
stipulative definition) involve, in effect, the commendation of a 
policy. Using our earlier terminology, we may say that to make a 
stipulative definition is to formulate a substrate — a substrate 
—. whoseexemplaries are thereby assumed to be worth investigating. 
. Differences of opinion on policy are serious differences, and give 
rise to heated controversy. In the study of intelligence, as in any 
other study of personality, the crucial question is the choice of 
substrates. Thus, the substrates ‘extraversion-introversion’ are 
helpful if there is a suggestive association between people's scores 
on extraversion-introversion tests and their other independently 
observed behaviour. In the same way those who study intellectual 
differences need to produce substrates that are worth-while. Dis- 
agreements over stipulative definitions of intelligence are far more 
fundamental and serious than disagreements over lexical defini- 
tion. 

It does not, of course, follow, because the substrate ‘intelligent’ 
is helpful for workaday purposes, that it necessarily holds the key 
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to any great scientific advance. It may do so; but we have no right 
to assume it.! 

(vi) Operational definitions. Those who insist on the importance - 
of operational definitions for scientific method are in effect point- | 
ing out that a substrate has meaning only in relation to its 
exemplaries. The relation between exemplaries and substrate is ' 
not that of effects to an unknown cause, but of a series of occur- 
rences to a general law under which they can be subsumed. It is 
pointless to assume the existence of an unknown entity lying be- - 
hind or beyond the exemplaries.? 

Applied to the notion of ‘intelligence’, this is, in effect, to say 
that the word ‘intelligence’ does not refer to a ‘real thing’ lying 
behind or beyond the manifestations of intelligence. Instead o. 
‘What is intelligence?’ or even ‘What does the word “intelli 
gence” really mean?’ we need to ask instead, ‘How do you test — 
or what operations are involved in testing - whether a person is 
intelligent ?’ 

This question can readily be answered. Psychologists have de- 
vised standardised tests. It is the items in these tests (or, more 
strictly, the person’s behaviour in producing correct responses to 
these items) that are regarded as constituting the exemplaries of 
the word ‘intelligent’. Intelligence, in other words, is what in- 
telligence tests measure. This definition is a stipulative one. What - 
is being said is, in effect, that correct responses to the test items 
shall be deemed to constitute exemplaries of the word ‘intelligent’. 
To give a tidy list of exemplaries all that is needed is to specify | 
what particular test we have in mind. 

‘Intelligence is what intelligence tests measure’ does not, of 
course, tell us what test items are good ones, but this is not a 
ground for criticism since it does not set out to do this. Whether 
a list of exemplaries should be as tidy as this stipulation makes - 
them is perhaps questionable. Some would say that a substrate 
Should only suggest exemplaries, not specify them to the last - 
detail, and that details of exemplaries can be worked out and 
modified in the course of future research. Despite this, however, 
the *operational approach to the study of intelligence seems to 
me fundamentally sound, and a great improvement on the tradi- 
tional search for ‘what intelligence really is’. 
‘A majority of the factorists appear 


blems exists and is in their hands.’ 
he notion of material substance, — 


1. Compare Heim (1954, p. 46): 
agreed that a clear-cut key to these pro! 

2. Compare Berkeley’s attack on ti 
passim. 
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— IV Wechsler's Definition 

Tn this section I shall examine Wechsler's introductory remarks on 
the subject of intelligence.' I shall argue that, whatever the merits 
of his policy, his formulation of that policy is unnecessarily 
puzzling and difficult simply through failure to distinguish the 
ambiguities of the word ‘definition’. 

Wechsler begins by discussing the dictum that intelligence is 
‘what intelligence tests measure’. He refers disparagingly to it as 
‘this circular position’ (p. 3), without, apparently, having noticed, 
that, if in the definiens we substitute the names of particular in- 
telligence tests - the Terman-Merill or his own, for instance, any 
trace of circularity disappears.? 

He reinforces his argument by saying that the lay person ‘is 
entirely justified in asking, “Do your tests really test intelli- 
gence?” (p. 3). This seems to me to be putting the cart before the 
horse. If we agree to define the word ‘intelligence’ as ‘what 
intelligence tests measure’, then admittedly ‘Do your tests really 
test intelligence?’ becomes pointless. But it is very perverse, 
surely, to argue, on the grounds that ‘Do your tests really test 
intelligence?’ is not pointless, that ‘intelligence is what intelli- 
gence tests measure’ must therefore be unhelpful. Why anyone 
should even have wanted to say that intelligence is what intelli- 
gence tests measure is a question that Wechsler does not seem to 
have seriously considered. 

The purpose of this dictum, as we have seen, is to warn us 
against asking meaningless questions about the ‘real nature’ of 
intelligence. Having ignored the warning notice, Wechsler not 
surprisingly falls head-foremost into the abyss of muddle against 
which he was warned. ‘General intelligence,’ he says (p. 4), ‘like 
electricity, may be regarded as a kind of energy. We do not 
know what the ultimate nature of this energy is, but as in the case 
of electricity, we know it by the things it does’ (my italics). Just 


1. Wechsler (1944, pp. 3-4). 

2. A further difficulty is that Wechsler does not seem to have considered 
for what reasons and in what circumstances a definition should not be 
circular. If a child asks the meaning of the word *armadillo' and is told 
“It’s a — well, it’s an armadillo’, we would rightly condemn such procedure 
as uninformative. But if we are told that the symbols bc can be substituted 
for the symbol a, that xyz can be substituted for bc, and that a can be sub- 
stituted for xyz, this is not necessarily a futile procedure. Not only may it 
teach us the rules for the interchange of certain words, but, in addition, 
provided we can relate one of the three groups to the actual word, we will 
then be able to relate the other two groups to the actual word also. Cir- 
cularity of this sort is not necessarily a vice. 
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what use it is to postulate such energy is unexplained, and its - 
existence or non-existence would make no difference whatever - 
to the value of Wechsler's tests. The concepts "intelligence" and 
‘electricity’ are similar (in so far as they are similar at all) not 
because both refer to some unknown ‘energy’ but because both 
require to be understood in terms of their exemplaries. 

Finally, what are we to make of Wechsler’s own definition? 
Intelligence, he tells us, is ‘the aggregate or global capacity of the 
individual to act purposefully, to think rationally, and to deal - 
effectively with his environment’ (p. 3). In what sense is this a 
definition? Is he explaining the meaning of the word ‘intelligence’ — 
to someone who does not know it? Is he explaining how he him- 
self proposes to use the word in future? Or is he offering a ‘real’ 
definition in one or more of Robinson's twelve different senses, - 
and, if so, in which sense? 

Despite the absence of any expli 


some of Wechsler’s intentions can c 1 on- 
text. Clearly he is not content merely to offer his own stipulative 


definition. This can be inferred from the fact that he is concerned 
to answer the plain man’s question, ‘Do your tests really test 
intelligence?’ He must therefore be concerned, at any rate among - 
Other things, with the plain man’s use of the word. If this is all, 
however, nothing very exciting follows whatever answer he gives. 
Do your tests really test intelligence?’ if re-phrased with more 
precision appears to mean, ‘Do those who score highly on your 
tests correspond with those whom we should call “intelligent” in 
normal speech ?’ But if this is how the plain man's question should 
be understood (and it is hard to see what other interpretation is- 
Possible) nothing very helpful is being asked. In the first place the 
list of exemplaries carried by the word ‘intelligent’ in ordinary 
Speech is ‘open’ — in other words there are many different grounds | 

for saying of a person that he is intelligent. Only if there were a 
clearly specified list of exemplaries would it be possible to tell - 


Whether these exemplaries tended to be satisfied significantly 
than among low test-scorers. * 


ified list of exemplaries, - 
est intelligence?’ allows at best 


cit answer to these questions, 
be understood from the con- 


mystery, but arises simply as a result o 
nary speech — an imprecision that 
gether useful. Secondly, even if it were 


scored highly on the tests were “ot those w 
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be labelled ‘intelligent’, still nothing of importance would follow. 
It might be misleading to label the tests ‘intelligence’ tests, but 
they could quite well be given another name. 

It follows, if the above argument is right, that Wechsler cannot 
be (or perhaps should not be) interpreted as attempting a simple 
lexical definition of intelligence — an account of how the plain 
man uses the word. Indeed, I think he would be somewhat sur- 
prised if someone hearing his definition for the first time replied, 
“Yes, I agree; that is just what the plain man does mean,’ or ‘No, 


a you are wrong; people have used the word differently.’ What 


Wechsler says should be regarded rather as a key for under- 
standing something. It is as though he said, ‘An important key for 
understanding people can be obtained by determining if they have 
an aggregate or global capacity to think purposefully ... etc." 
The conclusion to be drawn is that tests which sample such capa- 
city are to be commended. What Wechsler’s definition does in 
effect is to commend a policy. 

Now it is at this point that the crucial decisions really begin. 
The psychologist has to decide — partly by appeal to evidence, 
partly by personal ‘hunch’ - whether such a policy is worth fol- 
lowing, whether in effect the Wechsler tests (which claim to sample 
such ability) are good and helpful ones, whether measuring the 
correlations of test-scores with other personality traits will lead 
to further important discoveries, and so on. Decisions of this sort, 
however, are beyond the scope of this paper. All that I have 
attempted to do is to clear the ground, to leave a straight issue to 
be decided on its merits. Appeals to the plain man’s use of the 
word ‘intelligent’ are liable to confuse the issue, and talk of 
underlying‘ energy’ is liable to confuse it still further. If Wechsler's 
definition of ‘intelligence’ is thought to agree with ordinary usage, 
it does not follow that his policy is right; and if it is thought not 
to agree with ordinary usage, it does not follow that his policy is 
wrong. I have made no attempt to criticise the way in which 
Wechsler operates his policy, but he is not alone among psycholo- 


gists in being better able to operate a policy than to talk about his 
operations. 


V Burt’s Definition 

Unlike Wechsler, Burt (1955) shows himself extremely sensitive to 
the sort of problem which I have been discussing in this paper. 
'That being so, my discussion in this section will be mainly a com- 
mentary on his article rather than a criticism of it. Even in Burt's 
case, however, there are certain confusions in his use of the word 
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‘definition’ which seem to me to require to be exposed. On 
again, needless to say, I shall not take sides on the more funda- 
mental question of whether the definition is a good one. 

Burt's formula is ‘innate general cognitive ability’. What we 
need to examine, therefore, is the sort of argument which should 
be taken as relevant if this formula is to be justified. 

Let us start by considering his comments on the famous 1921 - 
Symposium. ‘The editor of an American journal,’ he writes, ‘sub- _ 
mitted two searching questions about the nature of intelligence 
to a dozen different psychologists, and received a dozen different — 
replies. But the varying descriptions suggested were not, as Dr 
Heim and others have supposed, intended to be "definitions" 
in the strict logical sense’ (my italics): they were, in the language — 
of J. S. Mill, merely “attempts to explain the thing" not “‘at- - 
tempts to interpret the word "' (p. 159). Unfortunately, nowhere - 
in this article does Burt say what he means by ‘the strict logical 
sense’; and this, in view of Robinson's distinction between the | 
many different senses of the word ‘definition’ is surely a defect. _ 
(What, anyway, is meant by a ‘logical’ sense of the word * defini 
tion’? Surely the contrast cannot be with some illogical sense?) - 

There is an even more puzzling footnote. Burt writes, ‘In fram- - 
ing his question, the editor specifically asked not how is intel- - 
ligence to be defined but “what do you conceive intelligence to 
be. . .2" etc.’ According to Burt, then, * How is intelligence to be 
defined?’ and ‘What do you conceive intelligence to be?’ are to 
be understood as different questions. This seems to me very - 
unsatisfactory — not, indeed, because I think the questions should 
be regarded as identical, but because both are so thoroughly 
ambiguous that there is just no means of knowing if they overlap 
or not, Robinson's comments! seem appropriate here. ‘The 
confusedness of the concept of real definition is an effect of the 
vagueness of the formula “What is x?” For it is the vaguest of 
all forms of question except an inarticulate grunt. Real definition 
flourishes because the question-form ‘What is x?” flourishes; d 
and this question-form flourishes precisely because it is vague. 
It saves us the trouble of thinking out and saying exactly what we 
want to know about x... We can use this question-form to ex- 
press a general desire to be given any useful information about x 
of any sort.’ The conclusion to be drawn, as Burt would no doubt | 
agree, is that the editor of the 1921 Symposium asked an am- 
biguous question; and it is therefore scarcely surprising that he 
received a wide range of different answers. Burt's unexplained - 


l. Loc. cit., p. 190. 
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distinction, however, between * What do you conceive intelligence 
. to be?’ and ‘How is intelligence to be defined?’ seems to me to 

confuse his main argument rather than add to its effectiveness. 
. Burt himself claims to be asking two questions: *... (i) how 
precisely should the term (intelligence) be defined, and (ii) what 
evidence is there for believing that something really exists cor- 
responding to the definition proposed?’ 

In what sense of ‘definition’, then, is the formula ‘innate 
. general cognitive ability’ intended to be a definition? How much 

can we infer from his general argument about what is required of 
| a ‘definition in the strict logical sense’? 

“How the term should be defined.’ This remark suggests that 
- Burt is concerned on the face of it with words rather than things. 
This does not, of course, mean that he is concerned merely to say 
that in sentences where the word ‘intelligence’ occurs the words 
‘innate general cognitive ability’ can be substituted (or should be 
allowed to be substituted). He assumes that we are already 
familiar with the words ‘innate’, ‘general’, ‘cognitive’, and 
‘ability’, and can apply them correctly. His point is that we need a 
word to refer to the ability in question. 

‘The definition proposed.’ This suggests a proposal, a stipula- 
tion. It is clear, however, that Burt is not offering simply a stipula- 
tive definition out of the blue. He backs his proposal by what may 
be called ‘the appeal to Cicero’. The argument on p. 160 of his 
_ paper seems to be ‘Cicero used the Latin word “‘intelligentia” as 
a technical term. My stipulation involves no radical departure 
from Cicero's usage. It is not, therefore, a misleading Humpty- 
Dumptyism, like using “glory” to mean “a nice knock-down 
argument?! but my definition is in part lexical as well as stipula- 
tive. 

To assess the merits of a lexical definition we examine its his- 
torical accuracy. To assess the merits of a stipulative definition 
we ask, Is such a stipulation useful? In the case of Burt's defini- 
. tion we are therefore required to do both. 

Although it is outside the scope of this paper to carry out such 

a programme in detail, one comment may perhaps be made on the 
lexical side. Burt says on p. 160 that ‘intelligence’ is not a ‘word 
of popular speech'. But this surely does not follow, as Burt 
seems to suggest, from the fact that Cicero used the Latin word 
“intelligentia? as a technical term. There can be no reasonable 


1. See Through the Looking Glass, Chapter VI: **When I use a word,” 
Humpty Dumpty said in rather a scornful tone, “it means just what I choose 


35 


. it to mean — neither more nor less". 
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doubt that many Englishmen use the word ‘intelligence’ without 
having the least idea how Cicero used it; some, indeed, may not 
have heard of Cicero at all. If the argument is to do what Burt 
wants it to do, he should surely indicate that his definition con- 
forms not with Cicero's usage, but with the usage of a twentieth 
century English-speaking person. And it is surely precisely be- 
cause the word ‘intelligence’ is a word of popular speech (and, 
therefore, *open', imprecise, ambiguous) that an accurate account 
of its use in popular speech cannot be given. It cannot be given 
not because none of us is clever enough to find the right formula, 
but because there is no formula to be found.* 

In any case, as has been indicated already, the whole question 
of whether a definition of intelligence conforms to ordinary 
usage is unimportant. Ordinary usage may be vaguely suggestive 
of possible test-items, but there is nothing more to it than that. A. 
person who is dissatisfied with a definition of intelligence on these 
grounds can always invent a new technical term in its place. Burt, 
of course, would agree with this. As he makes clear later in his 
paper, he would be quite prepared to allow that in place of ‘in- 
nate general cognitive ability" some other label could be sub- 
stituted. 

The crucial problem, then, has nothing to do with conformity 
to ordinary usage. It is rather whether the policy commended by 
Burt is a helpful one to follow for future research. In a sense, what 
Burt is offering is a stipulative definition — a proposal how the 
word ‘intelligence’ should be used. But he is doing more than 
this. He is, I think, offering a definition of intelligence in the two 
other senses which we mentioned earlier. He is offering (a) de- 
scription plus naming, and (5) a key for understanding a wide 
range of subject matter. As regards (a) Robinson puts the matter 
in general form by saying * The character yz occurs, and I call this 
character (or it is commonly called) by the name x.’ Applied to 
this case, the formula becomes ‘Innate general cognitive ability 
occurs, and I give it the name “‘intelligence’’.’ As for (b), the key, 
according to Burt, is that we should /ook for an innate general 
cognitive ability. Later in his paper he is even more specific; he 
has in mind a characteristic transmitted by the genes. The 
Dsychologist who studies intelligence must, in other words, be- 
Come a geneticist; and, if we direct our research in this direction, 


1. A further criticism of the historical section of Burt's paper should 

€ made in passing, namely his interpretation of the Greek words @upos 
and @upcedés. Burt suggests that these words have something in common 
With the English word ‘moral’; but the interpretation ‘moral’ seems to me, 
Not a ‘rough but inexact equivalent’, as Burt says, but a definite blunder. 
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then according to Burt, we are likely to produce worthwhile re- 
sults. Such claims, it should be added, are seldom decisively con- 
firmed or refuted. Either they turn out to be fruitful and win 
general acceptance, or they gradually fall into oblivion. 

Thus, (i) it would be no argument against Burt's policy to 
accuse him of ‘measuring something called “intelligence” with- 
out knowing what that something is or how it is defined" (Rich- 
mond, quoted by Burt, /oc. cit., p. 158). Burt makes quite explicit 
both what his policy is and what he is trying to measure. (ii) It is 
no argument against Burt that a person who does not know what 
‘intelligence’ means would be even less likely to know the mean- 
ing of ‘innate general cognitive ability’, for he is not attempting 
to explain the meaning of the word to someone who does not 
know it already. (iii) For the same reason, it serves little purpose 
to discuss whether or not his definition conforms to ordinary 
usage — whether, for instance, in ordinary usage the word ‘intel- 
ligence’ is taken as referring to something innate. 

On the other hand it would be an argument against Burt's 
definition if all discoverable tests consistently failed to produce 
appropriate distributions — i.e., distributions that would be ex- 
pected on the assumption that what is being measured is some- 
thing transmitted by the genes. Thus, if identical twins reared 
apart regularly produced widely different scores, if changes in 
environment were regularly followed by large-scale differences in 
score, the notion of an innate ability would become progressively 
more uncomfortable. Again, if reduction of emotional tension 
(e.g., by psycho-analysis or some other method) regularly resulted 
in improved performance, the whole distinction between the 
‘cognitive’ and the ‘affective’ sides of human nature might seem 
to be an unhelpful one, and the idea of a specifically ‘cognitive’ 
ability just no use. Burt’s definition would then be useless in 
much the same way as it would be useless having a word - say 
"hexothippus' - meaning ‘a horse with six ears’. It is not that 
"hexothippus' does not mean ‘horse with six ears’ if we choose to 
make it mean that; it is simply that we do not need the word, We 
do not need it for the obvious reason that horses do not have six 


1. This statement requires qualification. Correlation coefficients can be 
worked out between as many different abilities (or ‘substrates’) as we 
please; but no figures, whether high or low, can lead us to abandon a 
substrate which we are sure is helpful or accept one which we are sure is 
unhelpful. To work out correlation coefficients is to operate our hypothesis, 
not to test that hypothesis. Whether we are ‘getting anywhere’ with our 
hypothesis has to be settled rather by the general ‘feel’ of the research 
undertaken. 
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ears. Thus it is crucial for Burt's argument, as he himself realises, 
to establish that *something really exists corresponding to the 
definition proposed’ (p. 159). 

This brings us to a problem that is central in any theoretical 
study of intelligence - the problem of how to establish assertions 
of the form ‘There really exists an x’ when ‘x’ is not a straight- 
forward concrete noun. Whatever the practical difficulties, we all 
know how to set about establishing the existence or non-existence 
of giraffes, dodos, fairies, etc.: but whether a particular sort of 
ability exists is clearly a very different question from whether a 
particular sort of giraffe exists; and it is this that constitutes the 
central problem. Part of the proof of the ‘real existence’ of intel- 
ligence in Burt’s sense depends on factorial analysis; and the 
question which this technique forces upon us is, what conditions 
must be satisfied if factorial analysis is to justify statements of the 
form ‘There really exists an ability (or a factor) so and so’? This 
question can, I think, be satisfactorily answered as follows. It is 
not a sufficient condition for asserting the real existence of a 
factor that correlation coefficients between tests should form this 
or that pattern. A factor has a ‘real existence’ only when it be- 
comes identified — that is, when the results which produced the 
particular pattern of correlation coefficients can be linked with 
independently discoverable events. Spearman (1927) has a chap- 
ter entitled ‘Proof that g and s exist’ — his ‘proof’ being to show 
that, under suitable conditions, the surprising result of vanishing 
tetrads can be obtained. This is a misleading use of the word 
‘exist’. According to the usage which I would commend, ‘vanish- 
ing tetrads occur’ is not a sufficient condition for asserting ‘g and 
sexist’; some independent attempt to identify g is also required. 
In this respect Spearman’s suggested identification of g with 
‘mental energy’ seems scientifically useless, since it suggests no 
independently discoverable events beyond those which in fact 
did produce the vanishing tetrads. In contrast, the factors of both 
Burt and Thomson (1950) have at least a chance of having a ‘real 
existence’, for there is a suggested link between the test-behaviour 
Which produced particular correlation coefficients and the in- 
dependently discoverable behaviour of genes or neurones. There 
is a further possible justification for speaking of the ‘reality’ of 
factors. A factor is real, it might be said, if from behaviour at one 
test successful prediction is regularly made about behaviour at 
another test allegedly saturated with the same factor. This, how- 
ever, opens the door to the postulation of a host of useless factors. 
e can be most sure of progress when links are found, not 
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between one test and another, but between a person's test be- 
haviour and the behaviour of genes and neurones. Genes and 
neurones, be it noted, are parts of the body; and, to put the mat- 
ter epigrammatically, we could perhaps say that factors have a 
real existence, not when they are ‘factors of the mind’ (whatever 
that means), but when they are factors of the body. Burt's defini- 
tion involves the hope that the postulation of such genes will lead 
to a wide range of important findings. If this hope is fulfilled, his 
definition will have justified itself; otherwise not. 
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Part Four STRUCTURE OF THE MIND 


It is time to look at a wider range of man's abilities and 
aptitudes. General intelligence has been the main topic so far; 
but what of memory, imagination, manual dexterity and all the 
abilities associated with schooling: verbal, numerical, scientific, — 
aesthetic? How far are these separate and distinct entities ? 

Are they truly specific in operation, or are they related? 
Questions-such as these tend to be answered differently by 
British and by American psychologists. The British tend to see 
the structure of the mind as an hierarchy: general ability, g, 
subsumed by many group factors, each of which may be 
broken down into smaller elements. Thurstone and other 
American writers, on the other hand, conceive of the mind as 
consisting of a miscellaneous assortment of ‘primary abilities’. 
These, however, are themselves related to each other, and by 
the technique of ‘second-order factors’ more pervasive and 


wide-ranging abilities may be postulated, Both views, in the 


end, reach the concept of hierarchical structure, and the end 
Products of the two opposing schools bear strong resemblances ; 
No doubt it will not be long before further research will bring | 


the emergence of a rapprochement. 

Professor Vernon’s contribution comes from his important 
book The structure of human abilities, and gives an account 
of the hierarchical structure which is quite brilliant in its 
clarity and economy of words. Sir Cyril Burt's paper — 
specially revised by him for this book — offers a masterly ——— 
review of research in many fields, together with an integration 
and overview having such qualities of breadth and grasp that 
only someone of his experience and stature could encompass. 


The final is a reprint of a now famous paper by 
extract is a rep the contrast between the 


Guilford, and one which emphasizes y 
approaches on either side of the Atlantic. The student iimg 

a comparison between Guilford and Vernon à rewarding task: — 
the search for an underlying unity will be of great helpan n 
leading him to a firmer grasp of ‘the structure of the mind’. 


9 P.E. Vernon 
The Hierarchy of Ability 


Excerpts from P. E. Vernon, The structure of human abilities, Methuen, 
1950, chapters 2 and 3. 


Hierarchical Group Factor Theory 
— In this country, where most work was done on less selected 
samples of the population such as Navy and Army conscript 
recruits, the importance of g was amply confirmed. In eight 
analyses g was found to cover more than twice as much variance 
^ _as all group factors combined. Table I shows an analysis of - 
d g 


major group factors vid km 


» minor group factors -eene er lai = 
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Figure 1 Diagram illustrating hierarchical structure of human abilities. 


thirteen tests given to 1,000 Army recruits, and brings out a 
“feature which appears to be highly characteristic of mental struc- - 
ture, namely hierarchy. After the removal of g, tests tend to fall 
into two main groups: the verbal-numerical-educational on the 
One hand (referred to as v:ed factor), and the practical-mechani- 
cal-spatial-physical on the other hand (referred to as k:m 
factor). If the analysis is sufficiently detailed, i.e. if sufficient tests 
are included, these types themselves subdivide. The v:ed factor 
in Table I gives minor v and x (number) group factors. In other 
analyses k:m splits similarly into mechanical information, spatial 
and manual subfactors. Thus a first approximation to mental 
Structure is provided by the hierarchical diagram of figure 1, 
resembling a genealogical tree. 


specific factors 


. The Relations Between Group-Factor and Multiple-Factor 

| Analyses. 
Table I also serves to illustrate some of the resemblances and 
differences of centroid and group-factor analyses. In a centroid 
analysis the first factor represents the highest common element in 
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all the tests. It is not usually the same as g, but is a kind of average 
of the particular tests applied in the investigation. Subsequent 
factors, II, IH and IV, are known as bipolar, since roughly half 
the tests receive positive, half negative, signs. These successively 
divide the tests into contrasted groups, and although they may 
have no psychological meaning as they stand, yet they do usually 


reveal what group factors are present. Often this classification by 


bipolar factors tells us all we need to know, and in several ex- 
amples in subsequent chapters the original, or unrotated, centroid 
factors alone are quoted. But it is preferable to transform the 
first and the bipolar factors into a series of factors where all the 
tests have either positive loadings, or zero or insignificant negative 
loadings, by means of what is called rotation of axes. This of 
course redistributes much of the variance of the first factor among 
the remaining ones. Actually the aim of rotation is to maximize 
the number of zero or insignificant loadings on each factor, so 
that as much as possible of the variance of each test is confined 


"A 
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to a single factor. Thurstone calls this Simple Structure. Often 


such rotation does yield a general factor running through most 
or all of the tests, and smaller factors each confined to a few tests, 
in other words a group-factor pattern. But true group-factor 
analysis is carried out by assessing g-loadings first, and then 
analysing the residual correlations in each group of tests [. . . J 
A clear and much fuller account of these different types of ana- 
lysis, and their inter-convertibility, is given by Burt (1944). 


Other Methods of Analysis 

This historical résumé must not omit to mention, however briefly, 
certain other approaches to factor analysis which have been less 
Widely applied than general or group factor, and simple summa- 
tion or centroid methods. Broadly speaking they are more 
accurate mathematically, but do not provide appreciably more 
psychological information about the make-up of the analysed 
tests, which would compensate for their much greater complexity 
and tediousness of calculation. TI i htec 
Summation, Lawley’s Maximum Likelihood, Hotelling's Princi- 
pal Components, and Kelley's Principal Axes, methods. Ex- 
Planations may be found in Thomson's and Burt's textbooks. 


The Hierarchical Diagram Should be Regarded Only as an 

Approximation 

The hierarchical theory was first put forward by Burt, under 

the influence of McDougall. In a recent article Burt describes 
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how it originated, and shows that it applies in the fields of 
temperament and of anthropometric measurements, as well as 
to abilities. Though it is certainly an improvement both on the 
"original two-factor theory and on the *neo-faculty* theory of 
American writers, it has numerous limitations and implications 
which we must now discuss. 

A diagram such as figure 1 would be obtained only if an exten- 
sive battery of tests, covering — or at least sampling — most of the 
varieties of human abilities, could be applied to a very large and 
representative sample of the population. With one or two hun- 
dred testees the correlations are usually too unreliable for more 
than two to four group factors to be established at a time. In 
general a minimum of three tests is needed to define a factor, 
hence only a few factors can be resolved in any one investigation 
with a limited battery of tests. Further, if such a battery consists 
. only, or predominantly, of a specialized type of test (e.g. all tests 

of sensory-motor abilities), the z and major group factors may 
fail to reveal themselves. The diagram is, in other words, a hypo- 
thetical integration of all the factorial investigations that have 
been carried out, rather than an established fact. 


Broad and Narrow Group Factors 


Nevertheless there is ample evidence to support the view that 
group factors are almost infinitely subdivisible, depending only 
on the degree of detail to which the analysis is carried. Indeed, by 
including sufficiently similar tests, any specific factor (in Spear- 
man's sense) can become a group factor. The only truly specific 
element is the unreliability or error variance of the test. Thus in a 
complete factorial investigation the communality of each test 
should approximate to its reliability coefficient. It is even pos- 
sible, when analysing specialized tests, for a specific factor to 
become a general one. For example, a reaction time test analysed 
in a battery of paper-and-pencil mental tests might obtain a g 
and major group-factor variance of about 10 per cent, specificity 
90 per cent. On including two other kinds of reaction time, a 
small group factor would appear, while in a battery consisting 
only of such tests, a general reaction time factor with 30 per cent 
or higher variance might be found; and we should be unaware 
that this was composed partly of ‘higher’ factors such as g and 
k:m. Thus there is no absolute distinction between general and 
specific factors as Spearman believed. 

An important problem as yet unsolved, is how broad a group 
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picture of mental structure. Some of the primary factors of Thur- 
stone, Guilford and others — rote memory, for example -areso — 
narrow in content that it may be more harmful than helpful to — 
name them. It is unlikely that the rote memory tests which make 
up Thurstone’s M factor have any predictive value of the rote r 
memory in which teachers are interested. Only if it were possible 


= 

A factor should be before it is accepted as a useful element in our — 
t 

) 


to establish a common factor (over and above g and v:ed)inrote — 
memory tests and in the learning of spellings, multiplication tables - 
and poetry, would the notion of a rote memory group factor be 
acceptable. The same stricture holds for most of the manual | 
dexterity, sensory-motor, and co-ordination factors that have so i 


far been proposed. At the present moment the writer cannot 
think of any objective basis for distinguishing between acceptable 
group factors, and narrow factors confined to the highly special- 
ized types of test which psychologists delight in constructing. But 
he would suggest that factors which fail to contribute at least 5 
per cent to the variance of some measure of educational or occu- 
pational proficiency or other capacity in daily life should be rele- .. 
gated to the latter category. If, for example, g and v tests alone 
predict the ability to learn and retain poetry to the extent ofa 
correlation of 0:60 (i.e. a variance of 36 per cent), then the addi- 
tion of tests of rote memory to the predictive battery should raise 
the correlation to at least 0:64 (variance 41 per cent) if the factor 
measured by these tests is to be acceptable. Such a criterion in- 
volves subjective judgment as to what constitutes a ‘capacity in 
daily life’, and is beset with many difficulties. But it appears pre- 
ferable to a judgment of the broadness versus narrowness of the 
tests which yield a distinctive factor. 

" on's (1939) argument that factor analysis 
is of little use in vocational or educational psychology, because the pre- — 
dictive value of tests can be established much more efficiently by multiple 
correlation technique. The writer would agree that the content of a test as 
determined by factor analysis at the present time often fails to reveal its 
_ true predictive value, because the test’s specificity may embody other group 
factors which are particularly relevant or irrelevant to some job. For á 
example a test of graph-reading is very useful in selecting radar operators, — 
but when analysed it usually appears to consist purely of g + n + speci- 
ficity. More detailed analysis would however break down part of the speci- — 
ficity into a minor group factor for graph-reading, i.e. a sub-division of m. — 
This is the line that Guilford and Lacey followed in the U.S.A.A.F. After 
considerable experience of multiple correlation, the writer has come to the 
conclusion that itis much too efficient. It does not, like the factorial approach 
Suggested in this note, sufficiently allow for the chance errors in the validity: 
coefficients of selection tests, and prohibits the inclusion of two or more 
rather similar tests in order to improve the reliability of prediction. 
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Relative Importance of Factors at Different Levels 


The hierarchical group-factor viewpoint implies that most of the 
variance of human abilities in daily life is attributable to g and to 
highly specific (or very small group) factors, and that the role of 
the broader group factors is rather meagre. If our diagram could 
be worked out completely to cover all human abilities, the g- 
variance might amount to about 40 per cent, the major and minor 
group factors to some 10 per cent each, and the remaining 40 per 
cent would consist of very narrow group factors and unreliability. 
This means that, fairly good predictions of ability in education, 
industry, or everyday life, can be achieved by g tests alone, and 
that somewhat more ground can be covered by tests of the main 
group factors. But only by much more detailed experimentation 
on tests relevant to particular jobs, or by work-sample methods 
(i.e. trying candidates out on the actual work), can much more 
than 50 per cent accuracy be obtained. This explains why Stan- 
ford-Binet or Terman-Merrill I.Q., or all-round intelligence as 
measured by reliable group tests, have considerable practical 
value both among children and adults, whereas more specialized 


tests add something but not very much in educational and voca- 
tional guidance. 


Effects of Range of Ability and Selection on Factor Patterns 


However, these quantitative estimates of the importance of dif- 
ferent ‘levels’ of factors are dangerous, since so much depends 
on the degree of heterogeneity of the people concerned. When 
the same tests which, among unselected recruits, gave g and 
group-factor variances of 50 per cent and 20-25 per cent, respec- 
tively, were analysed among high-grade mechanics or officer 
candidates, g often fell to 15 per cent and group factors rose to 35 
per cent. Similarly it has often been observed that the g and k:m 
content of manual dexterity tests sinks almost to zero among such 
selected groups as technical school pupils or college students; 
such tests no longer correlate at all with paper-and-pencil tests of 
mental abilities. Since the people receiving any special type of 
education (e.g. grammar school or university), and those engaged 
in any one job, almost always constitute a strongly selected group, 
there is usually more scope for tests of major and minor group 
factors and less for g tests, than the preceding paragraph suggests. 
(Ihe relatively unpredictable portion is however generally larger 
among such groups.) It also follows from Thomson's (1939) 
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demonstration of the effects of selection on factors that not 
only the general degree but also the type of selection is important. 
For example, if a battery of mechanical and other tests is applied 
to a group of men with engineering background, and to another 
group with the same range of g but without experience, the factor 
patterns are liable to differ. This accounts for many of the dis- 
crepancies between the results of different investigators, and 
makes it extremely difficult to fill out the details of our diagram 

* accurately. We cannot expect to reach a final and complete map 
of the structure of abilities, since it necessarily varies with the kind — 
of population studied. 


Differentiation of Specialized Abilities with Age ) 
The relative prominence of g has often been thought to depend i 
considerably on age. The writer at one time accepted the view 
that g tends to differentiate into more specialized abilities during 
adolescence and early adulthood. This view is advocated by | 
Garrett (1946), who summarizes several confirmatory investiga- - 
tions. But most of these compare college with high school, or 
high school with elementary school, populations, hence the 
smaller g-variance in the older groups may be due merely to 
their greater selectivity. 

Clark (1944) did choose groups of eleven-, thirteen- and fifteen- 
year pupils with the same distribution of group test 1.Q.s, and | 
found a decline in the average inter-correlation of the Primary 
Mental Abilities tests from 0:488 to 0:393. Other studies such as — 
those of Swineford, Reichard and Doppelt fail to support the 
theory. Anastasi summarizes a large number of investigations 
and shows that, though there are strong indications of alterations - 
in factor patterns with age and training, the evidence for dif- 
ferentiation is far from unanimous. McNemar carried out four- - 
teen factorizations of Terman-Merrill scale items at mental age 
levels ranging from 2 years to 18 years. His results are irregular | 
and show no sign of any consistent trend towards greater dif- - 
ferentiation at later ages. This might be criticized on the grounds 
that the later items are less diverse in content than those for 
young children. However Balinsky factorized an identical battery 
of tests, namely the Wechsler-Bellevue scale, among groups aged 
9, 12, 15, 25-9, 35-44 and 50-9, all with average LQ. 100. He 
obtained the following first factor variances: 38, 36, 24, 20, 32% 
and 45. These suggest differentiation from 9 to 30 and then greater 
integration. But he neglected to ensure the same degree of 
heterogeneity among the testees at all ages, and when correction 
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is made for this, his first factor variances show much the same 
irregularity and lack of any clear trend as McNemar’s.2 . 

Particularly striking are Williams's results from the application 
of the same battery of ten intelligence, spatial and mechanical 
tests to samples of 250 boys, carefully chosen to be representa- 
tive, at the ages of 12, 13 and 14. Here the first factor variances 
were 51, 56 and 62 per cent, respectively, indicating that secondary 
education tends to produce greater integration, not specializa- 
tion, of verbal and practical abilities. In a research by the writer 
the standard British naval battery of five tests was given to 1,171 
boys leaving school at 14, and the results were compared with 
those of 265 seamen recruits who had also left at 14 in the same 
district some four years previously. Scores tended to rise with age 
on the spatial and mechanical tests, and to drop on the arith- 
metical ones, but the average inter-correlation and g-saturations 
were almost identical The only significant change was a drop in 
the correlation of mechanical arithmetic with mathematics (from 
0:642 to 0-379). The correlations of k:m tests with these educa- 
tional tests were slightly lower, but with a verbal reasoning test 
(mainly a measure of &) they were slightly higher. Similarly, two 
parallel groups of about 240 naval artificer apprentices aged 154- 
and 18+ took nine varied tests, and most of the correlations 
were slightly higher in the older group, although the nature of 
the group factors altered considerably, 

Another approach to this pri 
inter-correlations among ten 
25 per cent of a group of 993 


more able and intellectually 
should be lower than the latter, 
Many more men were very high 


respectively. 

From these and other bits 
clude that there is no general t 
cept perhaps in early infancy, 


of evidence the writer would con- 
endency towards differentiation, ex- 
and that everything depends on the 


1. It is difficult to see how a ci 
be planned even if strictly random samples could 


appropriate at all ages, otherwise relia! 
factor variance. This condition may have disturbed both Williams's and the 
writer’s results reported in the next paragraph. 
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type of educational and vocational training. Usually when 
abilities are practised at school or in jobs they tend to become 
more specialized, though sometimes the teaching is of such a 
nature as to increase integration. Again regression or de-differen- 
tiation may often occur as the effects of past training wear off. 
It is conceivable that secondary schooling is more fragmentary 
in America than in Britain, and so apt to produce more dif- 
ferentiation between 12and 18 than is usual here. But undoubtedly 
the main reason for the apparent reduction in the importance of 
£ in adults is that the testees are more homogeneous in ability. 

It is because the majority of American investigations are con- 
ducted with college students, aircraft pilots, high-school pupils 
and other selected groups, that their results so readily fall into 
independent primary factors instead of g and group factors. But 
when more heterogeneous adult groups have been studied, a g 
has usually appeared. Thus Anastasi quotes American Army. 
studies which showed almost as high correlations between verbal, 
numerical, spatial and mechanical tests as between different 
numerical, or different mechanical tests. An analysis of the U.S. 
Navy battery gave a g with variance of over 30 per cent, together 
with smaller mechanical, spatial and educational group factors. 
The emergence of a g in the Division of Occupational Analysis’s 
investigations has already been mentioned. 


Psychological Nature of Factors 

We must next consider the nature of g and the group factors a 
little more closely. Thomson has shown that the statistical fact 
that test inter-correlations can be largely accounted for by a 
single factor does not prove that such a factor represents any 
unitary power, or organ of the mind. It might also arise if the 
mind is thought to consist of an immense number of ‘bonds’, 
including inherited reflexes, acquired habits and associations, 
etc. A person's performance at any one test would involve the 
activation of a large number of such bonds, and if a miscel- 
laneous set of tests is given, the extensive sampling of bonds would 
result in the positive correlations that actually tend to occur. But 
he agrees that factors are useful concepts for describing the con- 
tent of the various kinds of examples that may be taken, provided 
that they are not reified into organs or faculties. In this book we 


accept Thomson's view, and hold that factors over and above g — 


arise, partly perhaps from hereditary influences, but mainly be- 
cause an individual's upbringing and education imposes a certain 
grouping on his bonds. The v:ed factor is, as we shall see, a 
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rather strongly unified group because our society gives a fairly 
uniform education to all its members. It does not readily break 
down into separate verbal, number, speed, reasoning, attention, 
memory or other factors because the abilities covered by these 
names tend to be developed differently in different schools and 
homes, though partially distinct minor group factors can often be 
established, especially in fairly homogeneous groups such as 
university arts students. On the practical or k:m side there is, as 
Anastasi points out, less cultural standardization, hence the k:m 
pole is more heterogeneous and amorphous than v:ed. It would 
appear to be not so much a positive practical ability as an aggre- 
gate of all non-symbolic capacities, or of bonds that are not 
usually affected by primary schooling. Nevertheless, evidence is 
given below that not only mechanical and spatial, but physical and 
manual, and some non-verbal £, perceptual and performance 
tests all have something in common over and above g. The kind 
of test which is most strongly saturated with this factor is the 
mechanical assembly test, presumably because this epitomizes, as 
it were, non-scholastic activities. A rather significant point is that 
boys and men (at least in Western European civilization) tend to 
Surpass girls and women on most aspects of k : m whereas females 
tend to be superior in the linguistic aspects of v:ed. Though this 
might be attributable to cultural norms, it suggests the operation 
of hereditary influences. Thus it cannot be due to upbringing that 
girl babies usually start to talk earlier, or that boys and men 
have on the average greater physical size and strength. 


Modifications of the Hierarchical Picture 
It follows that there is no need t 
genealogical principle as pre-eminent. Minor group factors are 
not always ‘descendants’ of either v:ed or k:m. And we shall 
see later that several factors cut across this dichotomous group- 
ing, scientific ability, for example. Probably also there are other 
group factors which split off from g but are not subdivisions of 
either type. Auditory and musical abilities seem to constitute 
one such cluster, and others are mentioned in Chapter VIII [not 
reproduced here] It is merely because v:ed and k:m have the 
widest practical importance, and have received 
tion, that they alone are listed in figure 1. 


o regard the hierarchical or 


most investiga- 


Temperamental and Other Influences 


In yet another respect the diagram over-simplifies matters. It does 
not allow for personality, physique and other factors which have 
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complex interactions with ability factors. Physique and physical 
health constitute an important dimension (or set of dimensions) 
which certainly affects practical abilities; and physical defects 
of the senses in particular react on educational attainments. Sex 
influences not only v:ed-k:m, but also most of the lower-order 
group factors, such as manual, imagery, etc. Age is important 
in spite of the conclusions reached above. Thus among adults the 
spatial, manual and physical aspects of k:m tend to decline, 
whereas specialized mechanical skills and information probably — 
go on increasing almost to senility. Cattell has pointed out that — 
£ is somehow associated with such personality traits as con- 
scientiousness and with cultured interests. Terman's work on 
gifted children, and studies of mental defectives, confirm this. 
Apparently therefore the bonds established by character training, 
and by the development of sentiments and attitudes are linked 
with the bonds responsible for our cognitive or intellectual 
activities. Doubtless interests greatly affect our more specialized 
abilities. It is known also that the fluency factor, measured by 
tests of richness of association with words or pictures, is con- 
nected with extraverted or cycloid trends, and that such physical 
or manual capacities as visual acuity, dark adaptation, agility, 
and finger dexterities are impaired among neurotics. Again 
Eysenck finds speed versus accuracy in mental and manual opera- 
tions to differ among hysteric and dysthymic (anxiety or ob- 
sessional) neurotics. 

Clearly then we are very far from a complete theory of the” 
structure and nature of human abilities, and though it is useful to 
analyse them in isolation as though they were purely cognitive or 
motor, we should not forget that they are abstractions from the 
total personality structure. 


Conclusions Regarding g 

Finally it may be seen from Thomson’s theory that g is not a 
fixed, purely inherited, quantity. Thomson interprets it as the 
total number of bonds, Presumably that is largely dependent on 
some psycho-physiological and innate property of the higher 
nervous system, but there is no reason why its number should not 
be affected by the use made of the mind, and by organic conditions 
such as brain injury and ageing. This fits in with modern re-. 
search on the highly individual nature of mental growth, on the 
effects of schooling and the intellectual stimulus provided by 
people's jobs and on deterioration of mental efficiency in patho- - 
logical conditions. 
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Compensation Theories 


We have considered the relation of the hierarchical theory to 
Spearman's and Thurstone's views. How does It stand vis-à-vis 
the popular notion of compensation, and of opposed types of 
people? Actually it admits a large measure of truth in the con- 
trast between the theoretical or academic and the practical, since 
they roughly describe our two major group factors. But these 
abilities are not inversely correlated, i.e. opposed, and they are 
independent only when the influence of g is ignored. Thus in 
fact the majority of children who are 
also above average in mechanical ability, 
their hands, and even in physique, becaus 
fluence of g. The Norwood Report's separ: 


g vied factor, and such 
nd therefore unsuited to 
many cases too who are exception- 
» Or good at athletics or at certain. 
ed are low, who therefore conform to 
ut it is none the less true that such 
an those who are above average, or below 


cases may well be poor in k:m factor, a 
technical education. There are 
ally well-developed physically. 
manual skills, whose g -+ v: 
the layman's stereotype. Bi 
cases are much rarer th 
average, all round, 


There are several reasons why the compensation theory gains 


henever &-saturations or Correlations 


are most familiar above the 
es, and as already pointed out this 
exaggerates the group factors, Hence 
in a grammar school there may be an 


reduces the g-loadings and 
it is quite conceivable that 
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inverse, or at least a negligible, correlation between, say, mathe- 
matical attainment and football. But if we could study the whole - 
range of 15-year pupils we should find that grammar school pupils 
are usually superior to secondary modern pupils not only in - 
mathematics, but also at football. 

Thirdly, we are concerned here only with abilities, not with - 
interests. The latter probably show much stronger contrasts than 
the former. Thus the adolescent with keen interests in reading or 
other v:ed activities is frequently (perhaps more often than not) 
weakly interested in mechanical or athletic activities, and it may 
be that he devotes so little time to them that his potentially 
superior ability at such activities deteriorates. Nevertheless, the — 
university professor with his high g can usually, if put to it, do 
better at things in which he is not much interested such as cook- 
ing a dinner and washing up without breaking the crockery, than 
can a low-g domestic servant. And it is by no means fanciful to 
suggest that the victories of the Jews in Palestine in 1948 over the 
Arabs (who tend to be more bellicose in interests) was largely due 
to their superior g and v:ed. 

‘Slow but sure’ is another popular compensation theory, - 
which likewise ignores the influences of g and other factors that 
tend to make the quick worker more rather than less accurate. 
However, it is considered in more detail in Chapter VII [not 
reproduced here], and is shown there to possess a modicum of 
truth. y 
The notion of types of people, as distinct from types of ability, - 
should also be discouraged. As Burt points out, there is no more 
justification for talking of an academic or practical type of child - 
than for a tall or a short type. Just as the majority are intermedi- 
ate in height, so there are many more who are about equally able - 
in educational and practical activities than there are extreme - 
cases. Ability types themselves are abstractions, since many abili- 
ties when factorized will be found to be loaded on two or more © 
group factors, i.e. to be intermediate. But the grouping is more - 
clear-cut than in the case of individuals, because it is often im- 
posed by school syllabuses and other cultural institutions or 
norms. 

Note that our insistence on g does not involve any denial of 
special talents in individual cases. Apart from such rarities as 
idiots savants, there certainly exist children and adults of medi- 
Ocre g and educational attainment who develop outstanding - 
talents in the fields of art or scientific invention, or become - 
leaders in business, politics, warfare, etc. Such talents can to some 
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nt be attributed to the possession of strong group factors, but 
sonality influences, drives and interests are probably still more 
nportant. The analysis and measurement of such influences by 
ychologists is far less advanced than that of abilities. Thus the 
warning given against regarding factors as covering the whole 
psychology of human achievements should be reiterated. 


urt, C. 1944. Mental abilities and mental factors, Brit. J. Educ.’ Psychol., 
i 4. 


CI ark, M. P. 1944. Changes in primary mental abilities with age, 
ch. Psychol., 291, 30. 
tt, H. E. 1946. A developmental theory of intelligence, 
'sychologist, 1, 372-8. 
Thomson, G. H. 1939. The Factorial Analysis of Human Ability, London, 
niversity of London Press. 


10 C. Burt 
The Structure of the Mind 


Abridged and revised by the author from * The structure of the mind: 
a review of the results of factor analysis’, Brit. J. educ. Psychol., 

vol. 19 (1949), pp. 110-11, and 176-99. (Full references are there 
given, but have been omitted in the present résumé.) 


I The Hierarchical Structure of the Mind 


Factors and faculties 

Practically all the books dealing with the subject of factor analysis 
consist of descriptions or discussions of the methods employed. 
None attempts a systematic survey of the results already achieved. 
Today, with the rare exception of one or two of Spearman's fol- 
lowers, few factorists still believe in the simplified hypothesis of a 
single general factor; practically all of them, whether in this 
country or in America, assume the existence of a number of so- - 
called ‘group factors’, i.e. ‘elementary’ or ‘primary abilities’ not 
unlike the faculties of the old-fashioned ‘faculty school’. But how 
many factors are there? How far do they correspond with the — 
traditional lists? How cogent is the experimental and statistical 
evidence in favour of each one? These are questions which none 
hitherto has systematically discussed. Accordingly, in the follow- 
ing paper I propose to collate and compare the more reliable con- 
clusions reached in the numerous articles and theses which report 
results of factorial research, and then to inquire what light they 
throw on the general structure of the human mind. 

The idea of studying individual characteristics by strict scientific 
techniques — by standardized measurement, experimental tests, 
and mathematical analyses of the data obtained —is due primarily 
to Francis Galton. Galton, it may be remembered, departed from 


1, Hereditary Genius, 1869, p. vif; Inquiries into Human Faculty, — 
1883, pp. 1-4. In an address on “Anthropometry in Schools’ (Congress of 
Public Health, 1905), Galton describes his aim as that of ‘measuring physical. 
and mental faculties’, so as to secure ‘a shorthand description of any in 
dividual pupil by assessing a small sample of his dimensions or qualities". - 
As early as 1881 a London schoolmaster, C. H. Lake, had applied tests of 
intelligence, discrimination, and retentiveness to 120 boys in his school at | 
Chelsea, and described a ‘schedule for child study’. A few years later another 
of Galton’s keen disciples, Miss Sophie Bryant, Head Mistress of the Cam: 
den High School, applied other tests to her own pupils (‘Experiments in 
Testing School Children’, J. Anthrop. Inst., 15, 1886, pp. 338-49). If thei: 
contributions are now forgotten, they paved the way for more extensive. 
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- the traditional theory of ‘faculties’ as set forth by the Scottish 
. philosophers of the preceding century and popularized by nine- 
teenth-century phrenologists, in two important Ways: first, he 
introduced various novel procedures for assessing the mental 
- capacities of individuals; and secondly, as a result of the facts he 
- thus collected, he contended that it was necessary to distinguish a 
new kind of super-faculty, which he called *general ability’ or 
‘intelligence’, in addition to the various specialized aptitudes or 
faculties of the more familiar kind. Most of the psychologists who 
followed in his steps readily accepted his demand for more 
orous procedures, but were inclined to reject or at any rate to 
plify his twofold h; 


ystem the simplest types of 

process are the innate reflexes, some of which enter into almost 

every form of mental activity: these, however, are essentially un- 

conscious, and therefore do not concern us here. If we confine 

ourselves solely to so called ‘cognitive’ (or as I should prefer to 

say ' directive") processes, the simplest forms of all consist either 

of elementary sensory impressions or of elementary motor re- 

actions. These constitute the lowest mental level. The next in- 
cludes the more complex processes of perception with equally 
. complex reactions on the motor side. The third is the level of 
mechanical association — of memory and of habit. The fourth and 

highest level of all involves the apprehension and application of 


vestigations when the London County Council introduced an official 
psychologist into its inspectorate. 


relations. ‘Intelligence’, as the ‘integrative function of the mind 
is involved at every level; and its manifestations therefore differ 
not only in degree, but also in their qualitative nature. n 
Now, however plausible it may sound, unless we can also find — 
some kind of empirical confirmation, any such scheme must - 
necessarily remain a mere speculative hypothesis. By its very 3 
nature it postulates a multiplicity of mental factors, of varying 
grades of generality, and distinguishable in theory though not | 
actually separable in practice. To verify it therefore we need some - 
method of multifactorial analysis. And, as I pointed out in my 1 
earliest paper on the subject, such a method was already to hand » 
in Pearson's statistical technique of * principal components’. This, - 
with certain minor simplifications, was the procedure I used. The — 
formulae thus derived were identical with those subsequently 
adopted by Thurstone and his followers, and now commonly 
known as the ‘centroid method’. J 
Most of our early work, from 1903 onwards, was carried out — 
on boys and girls of school age. With younger children relatively 
few special or ‘group’ factors could be demonstrated; and, even 
when present, their influence was usually swamped by the all- 
pervasive general factor. But, as the children grew older, the - 
general factor appeared, as it were, to generate a series of broad 
group factors, and these in turn to generate still more specialized - 
sub-factors, as different capacities progressively matured. This 
factorial scheme, therefore, though primarily a scheme for classi 
fying intellectual characteristics into genera, species, subspecies, — 
and so on, seemed to provide a rough indication of the way in 
which cognitive capacities had evolved in the race and de- 
veloped in the individual. At the same time it furnished a means — 
of reconciling the pluralistic assumptions of the faculty school - 
(including Thorndike and his co-workers) with the monistic as- 
sumptions of the newer academic school (including Ward, - 
Spearman, and their various disciples). 
It will be convenient to begin our general review with the most 
elementary types of process, and work upwards to the more - 
a 


1. W. McDougall, Psychology: the Study of Behaviour (1912), C. Burt, 
The Measurement of Mental Capacities (1927), and various earlier and later 
papers. The general notion of a ‘hierarchical structure’ has since been - 
accepted by P. E. Vernon, The Structure of Human Abilities (1961), and by - 
H. J. Eysenck, The Structure of Human Personality (1953). Let me emphasize. 
that the scheme is itself highly schematic, and only represents what appears 
to be the most important trend; mental development proceeds by integration 
as well as by differentiation. But into these minor qualifications there is no - P 
space to enter here. 
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E STRUCTURE OF THE MIND 
= complex, since the latter almost inevitably incorporate two or more 
of the simpler processes. * 


IL Group-factors Involved in Cognitive Processes 

A. Lowest levels: simple sensory processes 

Although methods for investigating sensory capacities were 
J among the earliest quantitative procedures to be used in the 

psychological laboratory, nevertheless comparatively little fac- 
. torial work has been carried out upon the results obtained by 
. such means. 


. (1) Sight. In the field of vision there are grounds for supposing 
that the sensory processes involved in the * apprehension of form’! 
are relatively independent of those involved in the *apprehension 
of colour’. But intensive research has been chiefly concentrated 

_on the problems of colour vision. Here the correlations between 
efficiency in discriminating colours can be expressed in terms of 
three main group factors, which correspond approximately to the 
three primary colours. At first sight this would seem to corrobo- 
tate the Young-Helmholtz theory. Yet, in point of fact, the data 
can be fitted just as well by a set of bipolar factors: and these 
correspond almost exactly with the pairs of mutually antagonistic 

_ processes postulated by the Hering theory. In passing it may be 

a noted that, long before factorial analysis had been elaborated 
into a special technique, experimental psychologists, like Wundt, 
had claimed that the primary colours should be regarded as 
Faktoren oder Komponenten, obeying the laws of vector-addition, 
just like the factors of the modern statistical psychologist, and 
had illustrated them by "configuration-diagrams' similar to those 

- printed by present-day factorists.? 


(2) Hearing. With laboratory tests of auditory discrimination we 
usually find a small general factor and four or five slightly over- 


1. The reader should 
. Speak of testing ‘form: 
as a rule referring to te: 
tion of ‘form’ in thes 


2. C. Burt, Eugenics Review, 38, 1946, p. 155ff and refs., and W. Wundt, 
Grundzuege der Physiologischen Psychologie, 2, 1902, p. 243ff and fig. 191. 


lapping group factors, namely, factors for the discrimination of 
(i) pitch, (ii) chords (harmony), (iii) tonal pattern (melody), (iv) 


loudness, and (v) rhythm.! In several of these factors, however, 
the more complex perceptual components may not have been 
completely eliminated. Experiments on children of various ages 
indicate that the different factors mature at different rates. 


(3) Smell. Experimental studies with olfactory stimuli suggest a 
complicated system of factors and sub-factors. Collating results 
of various investigators,? they may be tentatively arranged as 
follows: 


(A) Salubrious (and more or less pleasant): (i) Vegetable: 
(a) flowery; (b) fruity; (ii) Animal: (a) fleshy; (b) cutaneous; 
(B) Insalubrious (and more or less unpleasant): (i) Vegetable: 
(a) resinous; (b) burnt; (ii) Animal: (a) fishy; (b) excremental — 
eight sub-factors in all. 


(4) Touch and kinaesthesis. On touch and cutaneous sensation 
only one or two minor researches seem to have been carried out; 
these indicate a small general factor and a bipolar factor con- 
trasting epicritic with protopathic sensations. In the activities 
both of the school and of ordinary life, kinaesthetic discrimina- 
tion (in popular discussion often described as a form of ‘touch’) 
plays a far greater part than is commonly realized; but, strange to 
E say, hardly any factorial studies have been attempted on this pro- 
y cess at the simple sensory level. 

In the main therefore it would seem that, at this lowest level of 
all, we have to deal with a large number of highly specialized 
factors. Apparently there are no formal factors, only factors for 
content; and these, like most other content factors, appear to be 
highly differentiated. 


B. Perceptual level: perceptual and motor processes 


(1) General sense perception. Both popular psychology and books 
on phrenology assume the existence ofa ‘perceptual’ or observant 
type, which is generally contrasted with the ‘practical’ type on 
| the one hand and with the ‘reflective’ type on the other. In 
the early days of individual psychology, methods of measuring 


1.See H. D. Wing, Musical Appreciation, Ph.D. Thesis, University 
College, J. E. Karlin, ‘A factorial study of auditory appreciation’, Psycho- 
metrika, 7, 1942, p. 251ff. 

2. E. H. Hsu, Psychometrika, 11, 1949, pp. 31-42, H. Henning, Der 
Geruch, 1924, H. J. Eysenck, J. exp. Psychol., 39, 1944, pp. 246-52. 
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perceptual discrimination and the like were among the commonest 

tests suggested for studying mental differences between indi- 
“viduals. Spearman indeed maintained that all such tests really 

ination; and this function 

as the essential element in 

ions, however, it appeared 

adequate tests were used to 

telligence, a special group- 

perceptual discrimination 
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The hypothesis of a general motor factor is corroborated by 
evidence from other fields. The practical psychologist continually 
comes across pupils of average or even high intelligence who are 
slow and clumsy in all forms of manual co-ordination — whose 
fingers, as the teacher puts it, ‘are all thumbs’, and who are often 
just as awkward and ungainly with their arms and legs. Emo- 
tional and unstable children, and those who are suffering from 
mild ataxic conditions such as may be observed in choreic and 
post-encephalitic states, also seem to manifest a generalized dis- 
turbance of muscular co-ordination and control. This *motor 
factor’, however, includes a number of subordinate factors. Both 
tests of athletic performance and in experiments of a laboratory 
type, my colleagues and I have found factors for (i) strength, (ii) 
steadiness, (iii) quickness, and (iv) skill or dexterity of muscular 
actions. Of these, ‘steadiness’ apparently includes postural con- 
trol and co-ordination of the larger muscles; ‘dexterity’ relates 
chiefly to the control of the finer muscles (including those of the 
eyes and the vocal organs, as well as the fingers and hands). 
There seems also to be a cross-division depending on a factor 
entering into skilled activities or games where muscular action is 
guided chiefly by eye, as distinct from those in which it is guided 
solely by kinaesthetic impressions. 


C. Intermediate (associative) level 

Form and content. We now come to the third mental level, that 
of association. Here the distinction between factors depending on 
the formal similarity of the activities and those depending on the 
material nature of the mental content becomes more marked. It 
is factors of the former type that have provoked the most vigorous 
criticisms. ‘There are,’ wrote Thorndike, ‘no elemental “‘facul- 
ties", or forms of mental activity, which work alike with any and 
every content.' Spearman's objections are couched in much the 
same terms. Certainly content factors are far more readily demon- 
strated. But Wolfle, as well as several later writers, has noted that 
many of the factors established in recent American research ‘cut 
across subject-matter lines, and so suggest the action of mental 
processes more general than any subject-matter classification" 
(Factor Analysis to 1940, p. 34). 


C (i). Formal factors 
(1) Memory. The assumption that memory constitutes a single 
Self-contained faculty was a feature in the traditional faculty 
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doctrine that was most persistently attacked by the early associa- 
tionists. “We possess, so they argued, ‘not a memory in the 
abstract, but only memories in the concrete; and each of these is 
essentially a separate association of ideas.’ James, however, 
while accepting the associationist criticisms so far as the memory- 
training is concerned, held that there was an innate quality of 
“general retentiveness’ which he interpreted as a kind of ‘physio- 
logical plasticity of the brain’. Accordingly, in the hope of check- 
ing these alternative views, Dr Flugel and I included in our first 
experiments a number of memory tests, chiefly modelled on those 
of Meumann. We found that all of them correlated closely with 
teachers' estimates of intelligence (by about 0-6) and with the re- 
sults of school examinations (by about 0-7), but much less closely 
with the other tests of cognitive processes (only about 0:3) or 
with estimates of intelligence as exhibited outside the classroom 
(about 0:2). ‘School teachers, and still more school examinations', 
so we inferred, ‘tend too often to rate the quick and retentive 
learner brighter or more intelligent than the pupil who shows 
superior powers of thinking or superior common sense.’ It was 
largely as a result of these observations that we concluded that, in 


researches on intelligence tests, the simple correlational technique 


used by previous investigators — based on comparisons with an 
external criterion (such as the teachers? judgement) required to be 
supplemented by some form of internal criterion. 

Later investigations fully confirmed the hypothesis of a general 
factor of memory entering into all kinds of activities, visual and 
auditory, verbal and numerical, tests and School work, that de- 
pend essentially on retentiveness; and Wolfle in his recent survey 
describes ‘memory’ as ‘the fourth most frequently reported fac- 
tor’. This is in keeping with every-day experience. When a child 
of normal intelligence and character proves to be seriously back- 
ward in his elementary school work one of the commonest causes 
is a weakness in mechanical memory. On the other hand, the 
cases of idiots savants demonstrate clearly that a person may 
Possess an exceptional retentiveness for figures or words, and yet 
be highly deficient in general intelligence; and every University 
examiner can cite cases of dull students who nevertheless 
scrape through all their written examinations by dint of a good 
memory. 

Within the broader field covered by ‘general factor’ for memory 
a number of more specialized sub-factors can be discerned. Thus, 
according to its formal nature, what we loosely call memory ap- 
pears to be divisible into two main types — short distance (or im- 
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mediate) memory and long distance (or deferred) memory. The 
former depends largely on the *primary memory image" of the 
item learnt; the latter on the formation of *associations' between 
the items. The former thus seems to be an effect of what is some- 
times called * perseveration’, the latter of 'retentivity' in the more 
usual sense. As J. Z. Young and others have recently shown, the 
difference is also found in animals, and appears to have a dis- 
cernible physiological basis. 

McDougall and May Smith believed that, as a result of an 
analysis of the inter- and cross-correlations between various tests, 
they could offer clear empirical evidence to support Bergson’s 
distinction between two further types of memory - recognition- 
memory and habit-memory — the former they considered to be 
much the same as memory for meaningful material (Brit. J. 
Psych., 10, 1920, pp. 198-209). 


(2) Productive association. In the old lists of faculties, Imagina- 
tion usually follows Memory; and together the pair constitute the 
two main faculties on the intermediate level between the lower 
plane of *Sense-Perception' and the higher plane of ‘Rational 
Thought’. Later textbooks, written under the influence of the 
associationist school, commonly contrast ‘productive (or diver- 
gent) association" with *reproductive (or convergent) associa- 
tion’, Binet in his studies of the feeble-minded, distinguished 
between what he called ‘intellectual /eve/" and ‘intellectual 
activity’, ‘Intellectual activity’, he maintained, is revealed most 
clearly by an abundant ‘flow of ideas’; and he sought to show 
how such exhibitions of creative fancy could be elicited by means 
of appropriate tests. In a number of minor experiments R. C. 
Moore and I endeavoured to follow up Binet's ingenious investi- 
gations by applying procedures that permitted more rigorous 
standardization and measurement. The correlations obtained 
clearly indicated a common factor of ‘productive imagination’ or 
‘inventiveness’, after general intelligence had been partialed out. 
Later still, in experiments with children in London schools, Har- 
greaves found a similar factor which he designated “fluency”. (The 
term was suggested by Galton’s use of ‘fluency’ to describe ‘the 
vivid and rapid flow of imagination’ exhibited by those with crea- 
tive gifts; see Inquiries into Human Faculty, p. 147.) Spearman, on 
the other hand, held that ‘no such special creative power exists: 
that which is usually attributed to such a special imaginative 
operation can be simply resolved into correlate-education com- 
bined with mere reproduction’. In his view, therefore, so-called 
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‘imagination’ — in the sense of *creativeness or originality’ — de- 
pends solely on the general factor of intelligence. 

Most experienced teachers seem strongly of the opinion that 
fertility of imagination is by no means an automatic result of high 
intelligence: it is, they point out, often exhibited by pupils with 
comparatively low L.Q.'s, and may be absent in many whose in- — 
telligence is exceptionally good. Mere abundance in the ‘flow of 
ideas’, however, is not of itself sufficient to form a creative mind. 
The ideas must be relevant; and they must be selected and com- 
bined so as to form a new and satisfying answer to some un- 
solved problem. This implies not merely intellectual activity, but 
intellectual construction. The factor for ‘ productive imagination’ 
therefore must itself be complex, and plainly there is here yet 


another field of cognitive activity calling for far closer analytic - 
study than it has hitherto received. 


C (ii). Content factors 

(1) e ai imagination). Of all the individual dif- 
ferences observed by earlier investigators, the most striking are 
those relating to mental imagery. To investigate them Galton 
introduced a device which was at that time entirely new in psycho- 
logical research - the questionnaire; and so was able to demon- 
strate that different persons varied surprisingly in the ease and 
clearness with which they could reproduce ‘inner or mental 
images' from different sensory spheres. The issue thus raised is 
manifestly a problem for factor-analysis, and was one of the 
earliest which my research-students and I attacked.? Strange to 
say, comparatively few factorial studies have been made by later 
investigators. 

So far as the available evidence goes, there would seem to be, 
first, a general factor for vividness of imagery of every kind, 
secondly, particularly with older children and adults, a bipolar 
factor indicating a clear contrast between those whose thinking is 


l. For a review of recent American work on ‘creativity’ and carlier 
British work on the components involved, see C. Burt, ‘Creativity and 
Intelligence’, Brit, J. Educ. Psychol., 32, 1962, pp. 292-8. 

2. C. Burt and R. C. Moore, J. Exp. Pedag., 1, 1912, p. 251ff. The results 
were fully confirmed by a later study carried out by Moore and J. A. Davies 
in Liverpool, and by Miss Carey and myself in London (Brit. J. Psychol., 8. 
1915, p. 38ff). The neglect of mental imagery by American factorists is 
attributed by McKenna to ‘the influence of Watson and the behaviourist 
school, who excluded all reference to inner, private, or conscious experiences 
from psychology as a natural science’. The excessive enthusiasm of some 
of the earlier educationists for classifying pupils according to supposed 
imaginal types’ also helped to bring the subjects into disrepute. 


mainly verbal and those whose thinking is mainly concrete and 
therefore, non-verbal, and thirdly, a set of still more specialized 
group factors superposed upon the others — the best established 
being factors for visual, auditory, kinaesthetic, and olfactory 
imagery. Thus, here as elsewhere, the so-called mental types are 
not clear-cut classes; they are extreme instances of mental ten- 
dencies which may vary in almost every degree. 


(2) Verbal ability. The ability to speak is a mental function pos- 
sessed by man and by no other animal. It has therefore long been 
regarded as a distinct and self-contained faculty. Its phrenological 
location seemed confirmed by early pathological research. In 
1825, J. B. Bouillaud, a disciple of Gall and professor of clinical 
medicine at Paris, succeeded in connecting loss of speech with a 
lesion in the frontal lobes of the brain; and some years later Broca 
published his famous monograph giving evidence for the existence 
of a ‘speech centre’ in the third left frontal convolution. Thus 
both the phrenologists and the faculty psychologists claimed that 
their views had been vindicated. The earliest statistical evidence 
for a verbal or linguistic factor (or rather for a group of such fac- 
tors) was that obtained in a series of L.C.C. researches.’ To the 
educational psychologists its existence seemed of interest on 
various grounds. First, its absence, or rather its deficiency, ac- 
counted for the frequent occurrence of pupils suffering from 
specific verbal disabilities (e.g. the so-called word-blind child). 
Secondly, its presence, or rather its development to a high degree, 
appeared essential for those pupils whose later education took a 
verbal or bookish direction, e.g. pupils suited for what are now 
called ‘secondary schools of a grammar school type’. Thirdly, its 
influence implied that intelligence tests with a verbal bias, like 
the Binet scale and many of the ordinary written group tests, 
could not safely be relied on for detecting high intelligence among 
pupils of a non-verbal type. The superior verbal fluency of the 
feminine sex, marked verbal deficiencies of certain families and 
stocks, the appearance of both verbal abilities and verbal dis- 
abilities at an early age, the fact that in orphanages and similar 
institutions children showing exceptional verbal ability often 
prove to have had at least one parent who was verbally gifted, and 
finally the positive correlation between factor-measurements for 


1. C. Burt, Annual Report of the L.C.C. Psychologist (1915); *Some 
Results of Mental and Scholastic Tests’ (with M. Bickersteth, Rep. Conf. 
of Educ. Assoc., 1916, p. 34ff), and L.C.C. report on Distribution and 
Relations of Educational Abilities (1917), p. 59ff. 
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‘imagination’ — in the sense of *creativeness or originality’ — de- 
pends solely on the general factor of intelligence. 

Most experienced teachers seem strongly of the opinion that 
fertility of imagination is by no means an automatic result of high 
intelligence: it is, they point out, often exhibited by pupils with 
comparatively low I.Q.’s, and may be absent in many whose in- 
telligence is exceptionally good. Mere abundance in the “flow of 
ideas’, however, is not of itself sufficient to form a creative mind. 
The ideas must be relevant; and they must be selected and com- 
bined so as to form a new and satisfying answer to some un- 
solved problem. This implies not merely intellectual activity, but 
intellectual construction. The factor for * productive imagination’ 
therefore must itself be complex, and plainly there is here yet 
another field of cognitive activity calling for far closer analytic 
study than it has hitherto received. 


C (ii). Content factors 


(1) Imagery (reproductive imagination). Of all the individual dif- 
ferences observed by earlier investigators, the most striking are 
those relating to mental imagery. To investigate them Galton 
introduced a device which was at that time entirely new in psycho- 
logical research — the questionnaire; and so was able to demon- 
strate that different persons varied surprisingly in the ease and 
clearness with which they could reproduce ‘inner or mental 
images' from different sensory spheres. The issue thus raised is 
manifestly a problem for factor-analysis, and was one of the 
earliest which my research-students and I attacked.2 Strange to 


say, comparatively few factorial studies have been made by later 
investigators. 


So far as the available evidence goes, there would seem to be, 
first, a general factor for vividness of imagery of every kind, 
secondly, particularly with older children and adults, a bipolar 
factor indicating a clear contrast between those whose thinking is 


1. For a review of recent American work on ‘creativity’ and earlier 
British work on the components involved, sce C. Burt, ‘Creativity and 
Intelligence’, Brit. J. Educ. Psychol., 32, 1962, pp. 292-8. 

2. C. Burt and R. C. Moore, J. Exp. Pedag., 1, 1912, p. 251ff. The results 
were fully confirmed by a later study carried out by Moore and J. A. Davies 
in Liverpool, and by Miss Carey and myself in London (Brit. J. Psychol., 8, 
1915, p. 38ff). The neglect of mental imagery by American factorists is 
attributed by McKenna to *the influence of Watson and the behaviourist 
school, who excluded all reference to inner, private, or conscious experiences 
from psychology as a natural science’. The excessive enthusiasm of some 
of the earlier educationists for classifying pupils according to supposed 
imaginal types’ also helped to bring the subjects into disrepute. 
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mainly verbal and those whose thinking is mainly concrete and 
therefore, non-verbal, and thirdly, a set of still more specialized 
group factors superposed upon the others — the best established 
being factors for visual, auditory, kinaesthetic, and olfactory 
imagery. Thus, here as elsewhere, the so-called mental types are 
not clear-cut classes; they are extreme instances of mental ten- 
dencies which may vary in almost every degree. 


(2) Verbal ability. The ability to speak is a mental function pos- 
sessed by man and by no other animal. It has therefore long been 
regarded as a distinct and self-contained faculty. Its phrenological 
location seemed confirmed by early pathological research. In 
1825, J. B. Bouillaud, a disciple of Gall and professor of clinical 
medicine at Paris, succeeded in connecting loss of speech with a 
lesion in the frontal lobes of the brain; and some years later Broca 
published his famous monograph giving evidence for the existence 
of a ‘speech centre’ in the third left frontal convolution. Thus 
both the phrenologists and the faculty psychologists claimed that 
their views had been vindicated, The earliest statistical evidence 
for a verbal or linguistic factor (or rather for a group of such fac- 
tors) was that obtained in a series of L.C.C. researches. To the 
educational psychologists its existence seemed of interest on 
various grounds. First, its absence, or rather its deficiency, ac- 
counted for the frequent occurrence of pupils suffering from 
specific verbal disabilities (e.g. the so-called word-blind child). 
Secondly, its presence, or rather its development to a high degree, 
appeared essential for those pupils whose later education took a 
verbal or bookish direction, e.g. pupils suited for what are now 
called ‘secondary schools of a grammar school type’. Thirdly, its 
influence implied that intelligence tests with a verbal bias, like 
the Binet scale and many of the ordinary written group tests, 
could not safely be relied on for detecting high intelligence among 
pupils of a non-verbal type. The superior verbal fluency of the 
feminine sex, marked verbal deficiencies of certain families and 
stocks, the appearance of both verbal abilities and verbal dis- 
abilities at an early age, the fact that in orphanages and similar 
institutions children showing exceptional verbal ability often 
prove to have had at least one parent who was verbally gifted, and 
finally the positive correlation between factor-measurements for 


1. C. Burt, Annual Report of the L.C.C. Psychologist (1915); *Some 
Results of Mental and Scholastic Tests? (with M. Bickersteth, Rep. Conf. 
of Educ. Assoc., 1916, p. 34ff), and L.C.C. report on Distribution and 
Relations of Educational Abilities (1917), p. S9ff. 
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- members (often remote members) of the same family — all these 
facts taken together lend strong support to the hypothesis that 
verbal aptitude is to a large extent inborn. 

In our first account of the verbal factor my co-workers and I 
observed that it seemed to manifest itself in two different forms — 
as a vocabulary factor (in reading and spelling, for example) and 
as a literary factor (in English composition and the like). Later 
work indicated that within each of these forms there is a further 
sub-division according as the processes involved are mainly 
afferent (or receptive) or mainly efferent (or executive). And there 
were even indications of various minor sub-factors still more 


~ specialized. 


The scheme so reached may be set out as follows. The results 
are, on the whole, in agreement with the views on speech-mechan- 


. isms put forward by Head teachers on the basis of tests and clinical 
= Observations. 


I Word Factor (dealing with words in isolation) 


(A) Receptive (factor for recognizing words and understanding the 
ideas expressed by them): (1) Visual (understanding printed or written 
words); (ii) Audio-motor (understanding words heard or uttered). 


(B) Executive (factor for finding or selecting the right word to express 
à given idea; cf. Head’s ‘nominal’ defects)! : (i) Articulatory (in speech); 
(ii) Graphic (in writing), 


II Language Factor (dealing with words in their context) 


(A) Receptive (factor for understanding Statements; cf. Head’s 
‘semantic’ defects). 


(B) Executive (factor for literary expression: 


‘verbal fluency’; cf. 
Head's syntactical defects). 


(3) Arithmetical ability. Of all special capacities perhaps the best 
established is that underlying efficiency in numerical computation. 
Mathematical ability has almost always been regarded as a dis- 
tinct ability or gift. A group factor entering into arithmetic tests 


was observed in the early L.C.C. investigations already cited; and 


its existence was further confirmed b 


y a specific investigation 
Schools. The inheritance? 


isorders of Speech, 1926. 

oubted the inheritance of specific mathemati- 
> D. 107). But the family histories of the 
, Bidder, Diamondi, and many Cambridge 
» Cases of special arithmetic ability and disability 


undertaken by D. J. Collar in L.C.C. 


1. Henry Head, Aphasia and Kindred Di 
2. Galton, strange to say, d 
cal ability (Hereditary Genin. 
Bernouilli brothers, of Gauss, 
wranglers (and, I may add 
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of special ability and special disability iri arithmetic was studied: 
by E. T. Hewlett, who found correlations of 0:37 between siblings 
and 0-28 between parents and children. 

, Like the verbal factor, it is undoubtedly composite. The essen- 
tial constituent would seem to be an ability to form, retain, and 
use associations between numerical, or at least non-verbal, sym- 
bols. But with younger children more especially, there is ample 
evidence for distinguishing speed of computation and accuracy, 
mechanical arithmetic and problem arithmetic, mental arithmetic - 
and written arithmetic, and between sums involving addition and 
multiplication and those involving subtraction and division. With 
older children of secondary school level, earlier investigations 
suggested a broad distinction between an *arithmetical or com- 
putational factor (depending mainly on the routine use of 
memorized associations) and a ‘mathematical’ factor (involving 


' the ability to perceive, attend to, and combine numerical rela- 


tions). Some investigators claim also to have found three more 
specialized group factors for: (i) Arithmetic; (ii) Algebra; and 
(iii) Geometry (including Trigonometry). But it is difficult to de- 
cide how far these narrower factors may be the effect of teaching 
methods and of class organization. 


(4) Practical ability. In my work as psychologist in the London 
schools one of the chief tasks was to investigate the methods of 
awarding scholarships, not only to secondary schools of the 
‘grammar’ type, but also to trade schools and technical institutes. 
Children so selected were *required to possess, in addition to a 
satisfactory degree of general intelligence, a marked or definite 
aptitude for practical or technical work’, In our endeavour to 
assess their intelligence, we found that, although verbal tests 
(such as those in the Binet scale or those given in group form) 
might be admirable for selecting scholars for the grammar school, 
they often failed to do full justice to clever children of a non- 
verbal type. Accordingly, non-verbal tests of a more practical 
kind — so-called performance tests — were tentatively introduced 
into some of the examinations. Their introduction at once raises 


in my own surveys), all strongly suggest the inheritability of some under- 
lying peculiarity (see also B. S. Bramwell, Eug. Rev., 39, 1948, p. 
150ff). This is further borne out by the well-known sex-difference. The 
inherited conditions, however, would seem to be in part temperamental; 
pupils of an emotionally unstable disposition seem, as a rule, to be badly | 
handicapped; introverts on the other hand, usually do better in arithmetic 
than extraverts of equal intelligence. 
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an important question. Do these ‘practical tests" involve a new 
group-factor, much as the older ' verbal" tests involved a verbal or 
linguistic factor, and if so what is its relation to the supposed 
aptitude for technical work ? 

The results of further research left little doubt that some such 
factor was involved. It appeared to be closely related to efficiency 
in tests designed specifically to measure * mechanical" ability, and 
to have the highest saturation in tests of *mechanical constructive- 
ness’. This type of ability was sharply distinguished from manual 
(or motor) ability and seemed to depend largely on the power to 
appreciate relations in space. The fact that this practical factor has 
proved much harder to establish than the last two factors is due 
chiefly to the fact that it matures much later. The main conclusion 
of recent studies on the problem may provisionally be summed up 
as follows: (i) what may reasonably be termed a * practical factor’ 
is undoubtedly discernible by the age of 11, but at that age still 
contributes very little to the individual variance; (ii) its contribu- 
tion increases steadily up to the age of about 15; (iii) after adoles- 
cence the factor becomes more and more specialized, partly asa 
result of occupational interests and habits; (iv) at almost every 
age it is much more prominent among boys than among girls. 

As numerous investigations show, the factor is decidedly com- 
plex. Visual perception and visual imagery play a part, but by no 
means the most important. Kinaesthetic imagery, or rather cog- 
nitive schemata apprehended in kinaesthetic terms, seem to be 
more essential, and for this reason the factor has sometimes been 
designated k. Such imagery and schemata appear to be of two 
or three kinds: (i) that concerned in the appreciation of position 
and movement, or possibilities of movement (a) of the observer's 
own limits or organs (especially hands and eyes), (b) of the ob- 
jects observed, and (ii) that concerned in the appreciation of force 
exerted or resisted. The factor thus divides into two distinguish- 
able components - a ‘spatial’ factor and a ‘mechanical’ factor. 
The one is predominantly, but not exclusively, a perceptual or 
receptive factor; the other, a constructive or executive factor. 

(a) Spatial factor. The first component appears to be primarily 
concerned with the ability to perceive, interpret, or mentally re- 
arrange objects as spatially related. Some of our test-results, 
obtained with boys at trade schools and with older engineering 
apprentices, suggested the need for distinguishing at least two 
sub-factors under this head ~ a factor for static spatial relations 
and a factor for kinetic spatial relations. Kinetic relations, in- 
volved in the actual movements of external objects, are appre- 
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hended mainly by the movements of the Observer's own organs, 
especially his eyes. Yet even when space relations are appre- 
hended statically, as with objects seen by the eye, their correct 
perception rests on schemes built up as a result of the movements 
of the observer's own body and limbs. As regards static relations 
there seems a further distinction between the ability to perceive 
and visualize relations (1) in two dimensions only and (2) in three 
dimensions. This perhaps may in part explain the wide differences 
in the ease with which different pupils can master the rudiments 
of plane and solid geometry respectively — differences so often 
noticed by mathematical teachers. The spatial factor was later 
subjected to an intensive study in our laboratory by Dr El 
Koussy,! whose results are summarized in a monograph which 
has formed the starting point for most of the later researches on 
the subject — e.g. those of Thurstone, Garrett, Holzinger, and 
other investigators. 

(b) Mechanical factor. In theoretical studies it is important to 
distinguish between the abstract * mechanical factor’ as it appears 
in experimental and statistical researches and the rather vague 
and complex characteristic that is commonly denoted by the 
phrase ‘mechanical ability’ in non-psychological discussions: the 
latter must involve general intelligence, the spatial factor and to 
a smaller extent manual and numerical factors, possibly some 
such factor as speed (both perceptual and motor), and above all 
such further qualities as mechanical interest, mechanical experi- 
ence, and technical knowledge.* For purposes of educational and 
vocational guidance, especially in the engineering trades, a num- 
ber of studies of mechanical ability have been carried out at the 
National Institute of Industrial Psychology. One factor repeatedly 
emerged which usually accounted for more of the variance than 
any other single factor except general intelligence. It seemed 
clearly distinguishable both from the manual and the spatial 
factor, and appeared to be chiefly concerned with ability to ap- 
preciate processes of mechanical causation. It thus involved an 
understanding of dynamic rather than merely static relations, and 


1. A. A. H. El Koussy, ‘The Visual Perception of Space ^ Brit. J. Mon. 
Sup., No. 20 (1935). For a recent study of the subject, see I. Macfarlane 
Smith, Spatial Ability (1964). 

2. With older children we found a test of elementary technical knowledge 
(c.g. acquaintance with the use of certain tools) far more effective than any 
single test of a more practical kind — largely because of the very low 
reliability-coefficients of most practical tests. Much the same result was 
noted by those who attempted to develop tests for *mechanical ability" 
in the Army and Navy during the war. 
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manifested itself in tests not only of apprehension and comprehen- 
sion, but also of construction and performance. Like the arith- 
metical factor, its development depends largely on experience and 
training. But there are also indications of an innate, underlying 
aptitude leading its possessor to learn more speedily and more 
efficiently when the appropriate training or experience was sup- 
plied. 


D. Higher relational level 
-= Thought processes 
We now come to cognitive processes on the highest plane of 
all, those which scholastic psychology summed up under the 
generic names of ‘Thought’ or ‘Understanding’. On this level 
there appear to be two main groups of factors. They are mani- 
fested most typically (1) in scientific or logical thinking and (2) in 
artistic or aesthetic appreciation. Both depend on the apprehen- 
- Sion, explicit or implicit, of abstract relations. 

. Intraditional psychology under the general head of Intellect or 
"Thought, three species of activities were commonly recognized: 
(i) Generalization or Abstraction, the results of which are ex- 
pressed by general terms or abstract nouns; (ii) Judgement, the 
results of which are expressed by single sentences or propositions; 
and (iii) Reasoning, the results of which are expressed by argu- 
ments, made up of a series of propositions or sentences, logically 
connected. To measure the capacity for each of the three pro- 
cesses tests can readily be devised. Charles Dodgson (Lewis 
Carroll) was fertile in devising neat and amusing logical problems, 
which required no special knowledge or information, and were 
set as exercises by logic tutors in the Oxford of my day; and the 
earlier tests of ‘Reasoning Ability’ that I employed were largely 
suggested by problems such as these, and were selected so as to 
represent all the commoner logical processes as currently classi- 

fied. 

In the joint investigations carried out by Mr Moore, Mr Cork- 
hill and myself with tests of these various processes, we found, 
after differences of intelligence had been ruled out, the following 
. subsidiary factors: (i) a verbal factor; (ii) a factor of productive 
association; (iii) a factor for the apprehension of relations; and 
(iv) a factor for the combination of relations. The first two are by 
no means confined to tests of higher cognitive levels; but the last 
two appear only in tests that turn essentially on processes Of 
thought and understanding. The factor for the apprehension 9 
relations emerges most conspicuously in tests of judgement and 0 
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deductive reasoning, as well as in problems requiring an apprecia- 
tion of functional dependence; the factor for the combination of 
relations yields fairly high saturations in tests of concept-forma- 
tion and of inductive reasoning (two processes that seem more 
closely allied psychologically than the traditional classification of 
the logicians might suggest), somewhat higher saturations for 
tests turning on the conception of ‘class’ and of ‘order’, and the 
highest saturations of all for tests involving syllogistic reasoning. 
Moreover, these two factors appear, not only when the problems 
are expressed in verbal, spatial or pictorial form, but also when 
they are embodied in mathematical exercises. Here, therefore, we 
have psychological evidence for the view which Bertrand Russell 
has so plausibly argued, namely, that mathematics is essentially a 
branch of logic. A word or two seems desirable about each factor. 


(1) Explicit and implicit apprehension of relations. Tests involv- 
ing relational processes furnish high saturations with the general 
cognitive factor of intelligence. For that reason it is always diffi- 
cult to secure clear evidence for or against the presence of more 
specialized factors in tests of this type. Nevertheless, the follow- 
ing conclusions appear to be well established. First, nearly all the 
relational tests, and nearly all the methods of attacking relational 
problems, fall into two contrasted groups. These correspond with 
two different ways of comprehending a relational complex - (i) 
explicit or analytic and (ii) implicit or synthetic. 

Many of the persons we tested, particularly children and 
students with a ‘fixating’ type of attention, usually began by dis- 
secting or analysing the complex whole that is presented by the 
test problem, and expressly noted the way the items are connected 
or related; they then applied these relations in a conscious and 
more or less systematic fashion to elicit a suitable solution. 
Others, particularly those of a ‘fluctuating’ type, seemed to de- 
pend more on ‘a complex synthetic activity comparable to the 
activity often popularly described as intuition — the activity 
Whereby we implicitly comprehend the essential character of a 
Whole, without analysing it into its component parts, or dis- 
tinctly formulating their relations.'! In other words, the charac- 
teristic method of the former group was some form of analytic 
reasoning, proceeding by a succession of logical steps, and of the 
latter, a synthetic apperception of what later psychologists have 
called Gestalten or configurations, depending chiefly on an 


l. C. Burt and R. C. Moore, *Experimental Tests of Higher Mental 
Processes’, J. Exp. Pedag., 1, 1911, p. 93ff. 
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intuitive insight which embraces the component aspects almost 
simultaneously. The former type includes most of those who 
possess a marked scientific bias; the latter, most of those who pos- 
sess a marked gift for aesthetic appreciation. 

Secondly, there is some evidence suggesting the existence of 
separate group factors for the apprehension of different kinds of 
relations, i.e. of content factors as well as formal factors. Tiny 
children can usually grasp relations of difference long before they 
grasp those of similarity; both can be explicitly apprehended be- 
fore the age of 6; at a later stage comes synthesis by attribution 
(age 7); and this in turn seems easier than synthesis by degree - 
(age 8); the explicit uses of space-relations appears somewhat 
later, and that of time-relations later still. In every case, of course, 
much depends on the context within which the relations are set." 


.. (2) The combination of relations. To test the intelligence of any 
given individual — whether child, adult, or a sub-human animal — 
we must test his power of combining the highest and most difficult 
type of information that he is capable of apprehending; and on 
the relational level, as elsewhere, it is the *integrative' (i.e. the 
combining) processes that show the closest correlation with the 

. general factor. At older ages the distinctive characteristic of the 
intelligent child is his ability to rearrange a set of related data and 

- combine them into a coherent rational whole. And of all the tests 
devised to measure cognitive or intellectual capacities, those that 
require an explicit synthesis of explicitly perceived relations pro- 
vide the best indicators of general intelligence. Nevertheless, in 
most of the researches carried out on these higher levels, a small 
but statistically significant group factor for ‘combining relations” 
(as distinct from other forms of combination) is also demon- 
strable; and this conclusion is further confirmed by the facts that 

. the ability to reason is to a large extent a trainable technique, and 
that pupils or students of approximately equal intelligence may 
display marked differences in their aptitude for this type of train- 
ing. 

Here again a bipolar factor divides the broader factor into 
sections or sub-factors. The ground of division seems much the 
same as before; and suggests a distinction between the inductive 
or constructive type of thinker and the deductive or critical. The 
intuitive type of mind seems to succeed better with test-problems 
involving generalization — the formation of general concepts and 


1. C. Burt, ‘The Development of Reasoning in School Children’, J. EXP- 
Pedag., 5, 1919, p. 36ff. 


210 


the perception of general laws or rules; the analytic type of mind - 
with problems requiring formal inference — deductive and par- 
ticularly syllogistic reasoning. 


Aesthetic processes 

The aesthetic processes that concern us here are those of aesthetic 
cognition rather than of aesthetic feeling or expression, though 
the latter are scarcely possible without the former. It has often 
been observed that *there are two higher modes of understanding 
~ logical and aesthetic’. If so, we may plausibly include aesthetic 
appreciation as a process belonging to the highest cognitive level; 
and this is on the whole borne out by our experimental results. 

The initial reasons for attempting a factor analysis of aesthetic 
activities were practical rather than theoretical. The education 
authority for London used to award ‘special talent scholarships’ 
in art and allied subjects; and with a view to improving the 
methods of selection, Miss V. G. Pelling and I, with the assistance 
of the staff and pupils at the various schools of art maintained 
by the London County Council, undertook a series of factorial 
studies. The tests employed were mainly pictorial, but tests of 
poetical and musical appreciation, and of skill in imaginative 
sketching and painting were also included. As usual, we found 
that differences in intelligence played an appreciable part; but, 
when these had been ruled out, there still remained a large and 
well-defined factor common to all the tests involving aesthetic 
appreciation or execution — in short, what I termed ‘a general 
factor for artistic ability".! It is to be noted that this factor is not 
limited to ‘art’ in the narrower sense, but enters into every 
manifestation of aesthetic taste — auditory or visual, verbal or 
concrete. Much the same view has since been expressed by Roger 
Fry. ‘If,’ he writes, ‘we compare responses experienced in face of 
works of art of the most diverse kinds — architectural, pictorial, 
musical, or literary, we see in all these different expressions a 
general similarity in our mental attitude; and further the attitude 
common to all these activities is also peculiar to them, and clearly 
distinguishable from our attitude in other experiences.'? 

1. C. Burt, introductory chapter to Report on Psychological Tests of 
Educable Ability, p. 20, and ‘The Psychology of Art’, How the Mind Works, 
1933, p. 292. A brief but accessible indication of the material used, together 
with references to other suitable tests, will be found in R. Cattell, Guide to 
Mental Testing, ‘Burt’s Test in Aesthetics’, 1936, p. 52ff, 1949, p. 59ff. 
See also Brit. J. Educ. Psychol., 8, 1938, pp. 29-49, and pp. 265-85. The 
conclusions reached in these earlier studies were later confirmed by Miss 


Margaret Bulley, Have you Good Taste ?, 1933. 
» Transformations (1926), pp. 1-2. 
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These early experiments were followed by a succession of more 
intensive investigations in our laboratory in which research- 
students with a specialized knowledge have taken part — e.g. 
Dewar, Wing, Stephenson, Eysenck, Crane, and Cancardas.! A 
number of more specialized factors were found for the apprecia- 
tion of (i) literature (prose as well as poetry), (ii) painting, archi- 
tecture, and sculpture, (iii) music, (iv) humour, and (v) dancing 
and the ballet — in short, for the aesthetic appreciation of different 
kinds of content. Cutting across these sub-divisions, we also find 
two marked bipolar factors indicating a preference for (i) 
classical style as contrasted with romantic, and (ii) realistic styles 
as contrasted with impressionistic. These preferences are in part at 
least, dependent upon temperamental factors, more especially on 
the bipolar factor which (as we shall see in a moment) may be 
roughly identified with extraversion versus introversion. 


E. General processes 


Certain factors of a highly general type appear at every level. 
Intelligence, as we have seen, is merely another name for ‘general - 
mental efficiency’ so far as it results from cognitive (or directive) — 
rather than from dynamic (or motivational) characteristics. Since 
its variations depend on the general structural characteristics of 
each individual's brain or nervous tissue, it is manifested in every 
kind of cognitive process; but the same appears to be true of 
several other factors qualities or factors, which are not so readily 
established. 


(1) Receptive and executive functions. The brain, as the *integra- 
tive mechanism of the body’ (a built-in apparatus for processing 
information) has both input and output systems, namely, the 
sensory or ‘afferent’ nerves and the motor or ‘efferent’ nerves 
with their respective peripheral and central organs. Hence, after 
differences in the general factor of intelligence have been elimi- 
nated, the next most conspicuous factor is usually a bipolar factor 
contrasting receptive capacities with executive. On the lower 
levels it contrasts sensory types with motor, perceptual types wi 


manipulative, and on the higher levels intellectual types with 
practical.? 


1. H. Dewar, Brit. J. Educ. Psychol., 8, 1938, pp. 29-49, E. D. Williams 
et al., Brit. J. Educ. Psychol., 8, 1938, pp .265-85, H. Eysenck, Ph.D. Thes!* 
London, 1940, and Brit. J. Psychol., 30, 1940, pp. 94-102, 262-70. ia 
2. This bipolar factor (or the corresponding group factors) emerged ^e 
the earliest of the investigations quoted above. It presumably under! ed 
the two ‘major group factors’ later obtained by Vernon, and re-nam' 
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(2) Speed. With most cognitive capacities as commonly tested a 
high degree of efficiency seems usually to imply speed as well as 
accuracy. This raises several important questions. How far is 
speed specific to the process concerned? If it is in some sense a 
general characteristic, how closely does it vary with general in- 
telligence? Or is there yet another general factor making for high 
or low speed in all mental capacities? 

This was in fact one of the first issues to be studied by correla- 
tional techniques based on mental tests. “People usually assume,’ 
wrote Wissler in 1901, *that quickness is a fundamental quality, 
characterising the individual in every direction." His own results 
failed to yield any evidence for such an all-pervasive characteris- 
tic. He adds, however, that since *this negative conclusion is out 
of harmony with all general belief’, a final verdict should be 
deferred until more comprehensive data are available. Wissler 
worked mainly with adults whose abilities are always more or less 
specialized. My colleagues and I, working with school children, 
found clear evidence for a general speed-factor at the younger 
ages, although, as the children grew older, they too seemed pro- 
gressively to specialize. Later work is fully in agreement with this 
result. Wolfle cites no less than a dozen American investigators 
who have reported such a factor. But there are undoubtedly more 
specific group factors for speed in different fields and under dif- 
ferent conditions — e.g. for motor or bodily speed as contrasted 
with verbal speed, perceptual speed as contrasted with associative 
speed, speed in short reaction tests as contrasted with sustained 
speed in prolonged activities, and finally preferred or voluntary 
speed as contrasted with maximal speed. 


(3) Attention. Reference to ‘attention’ — a word with many 
different meanings — cropped up constantly in early factorial dis- 
cussions. Ward, who was among the first to advance the theory 
that there is but one essential cognitive function, used ‘attention’ 
to designate it; and several later writers identified attention with 
the general factor of intelligence. Wundt, for example, held that 
* die Energie der Aufmerksamkeit den Centralfaktor abgibt, der die 
einzelnen Tätigkeiten bestimmt'.? The traditional conception, 


*vied' and ‘k: m? respectively (The Structure of Human Abilities, 1950). 
Cf. also Macfarlane Smith, Spatial Ability (1964), p. 25, and the* Hierarchical 
Structure’ there shown (a simplified version of my own ‘hierarchical dia- 
gram’). 

1. C. Wissler, Psych. Mon. Sup., 3, 1901, p. 29ff. 

2. Grundzuege der Physiologischen Psychologie, 3, 1911, p. 598. In a 
note, added in small print, he discussed Spearman's preference for 
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however, has been to regard attention as a separate capacity or 
faculty. In this sense it is commonly said to cover both (i) the 
capacity for cognizing a large number of items simultaneously as 
parts of an organized whole, and (ii) the capacity for sustaining 
the cognition of an organized whole while examining its several 
aspects or items in an orderly succession, and so resisting dis- 
traction by irrelevant items. In our own researches tests involving 
the first type of process usually showed a high correlation with 
intelligence; tests involving the latter correlated more closely 
with conative or temperamental stability. But we found no evi- 
. dence for any separate factor. 

When we consider more precisely how different persons cognize 


an organized whole, i.e. the particular way in which they attend, a | 
| 


suggestive difference is discernible. Faced with some unfamiliar 
patterns — say a sentence to be read aloud, like ‘fair waved the | 
golden corn’ — one child will focus its glance fixedly on one group 
of letters after another, uttering the whole in detached instal- 
ments: ‘Fair, wave-ed, the, gold-en, corn.’ Another, whose eye - 
roves rapidly up and down the line, will produce some impres- 
sionistic version superficially corresponding to the general visible 
scheme: ‘A fairy waved her golden crown.’ The difference be- - 
- tween these two modes of attack has been noted again and again. 
Meumann, whose description is perhaps the most complete, 
speaks of ‘attention-types’, and calls them the ‘concentrating’ or 
‘fixating’ type and the ‘diffusive’ or ‘fluctuating’ type. 

To verify this classification, and determine its connection with 
other intellectual differences, Flugel, Moore, and I, in our earliest 
correlational studies, included a number of tests of attention and -— 
apperception. And with most of these tests, particularly the 
tachistoscopic *spot-pattern test" devised by McDougall, we re- 
peatedly noted opposite methods of attack and different modes of 
apperception. The same difference was noticed at every ment 
level. It emerged most clearly, however, in experiments on the 


m mt. 
explaining the general or central factor in terms of ‘nervous plasticity » 
and concludes that Spearman's arguments are ‘scarcely sufficient to reject 
the theory of attention’. For Wundt, it may be noted, the word ‘ attention — 
denotes much the same as what he elsewhere terms *Apperception » FY; 
garded as a ‘teils verbindende, teils zerlegende Funktion’ (p. 315 and P- s 
and this identification brings Wundt's theory closely into line wil 
McDougall's. In his later writings, Spearman influenced apparently by 
these criticisms of his former teacher, dropped the theory of ‘nervon 
plasticity’, and proposed to treat the central function (g) as ‘equivalent j 
Mental Energy’. 

1. See above pp. 209 to 211. 
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teaching of reading. But the same bipolar factor seemed to under- _ 
lie analogous contrasts in a number of different activities — e.g. — 
the contrast (i) between the ‘objective’ (observateur) type of ap- __ 
prehension and the ‘subjective’ (interprétateur) type as revealed 
in perceptual tests; (ii) between the 'perseverating' and ‘non- 
perseverating’ types as revealed in tests of memory and the like; 
(iii) between the stable and unstable temperaments, and (iv) 
(according to several investigators) between the introverted and 
the extraverted types (cf. pp. 198, 212 above). 


III Emotional Factors 

This survey is concerned primarily with what are commonly de- 
scribed as the ‘cognitive’ aspects of mental life. It is, however, 
impossible to draw a sharp and rigid distinction between 'cog- 
nitive’ capacities which guide or direct the individual's behaviour 
and the various ‘affective’ and ‘conative’ tendencies which supply 
the dynamic or motivational energy. Already we have had occa- 
sion to note how the two aspects continually overlap. In my early 
work as educational psychologist I found itessentialto havesome 
broad and workable conception of the various components of 
the individual's total personality, which would include non- 
cognitive aspects as well as cognitive, dynamic aspects as well as 
directive. 

In dealing with young children, it is always helpful to dis- 
tinguish, whenever possible, between those tendencies that appear 
to be innate and those which are mainly acquired postnat- 
ally as a result of environmental influence and personal experi- 
ences. Unfortunately, in the case of dynamic or motivational 
characteristics this distinction is even harder to make than in the 
case of cognitive characteristics. The most we can say is that certain 
‘primary emotions’ (i.e. those accompanying ‘instinctive’ ten- _ 
dencies, in McDougall's sense of the term) and certain general 
temperamental qualities seem to show signs of genetic differences. 
But here further research is badly needed. 

In our earliest investigations my co-workers and I confined our 
attention chiefly to assessments for the strength of these primary 
emotional tendencies. Our main group consisted of 172 children 

1. Luse the word ‘ personality’ in the traditional sense — that, for example, 
which was adopted by writers like Galton, Ward and McDougall. Later 
American writers have tended to give it a much narrower connotation, 
roughly equivalent to what older writers would have called ‘character’ or 

temperament’. This is the usage adopted by psychologists like Cattell 


and Vernon and by others who have been influenced by German 
e.g. Hans Eysenck. P Noe 
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of. school age. The methods employed — tests, observations, be- 
havioural reports, etc. — are fully described elsewhere.* The main 
result was to demonstrate on the non-cognitive side as well as on 
the cognitive side, a broad hierarchical structure. As in the case 
of cognitive qualities, there was first a general factor accounting 
for nearly half the total variance; this I termed ‘ general emotion- 
ality’. The next most important appeared to be two bipolar fac- 
tors: of these the first which classified the various emotional 
characteristics into (a) the assertive or ‘sthenic’ (self-assertion, 
anger, sociability, curiosity, etc.) and (b)the inhibitive or'asthenic" 
(fear, self-submission, tenderness, disgust, etc.): their effect was 
to divide the various individuals into two contrasted groups Or 
‘types’, roughly answering to what Jung subsequently called 
extraverts and introverts. The second bipolar cross-classified the 
emotions into (a) the pleasurable or ‘euphoric’ (joy, sociability, 
self-assertion, tenderness) and (b) the un pleasurable or * dysphoric’ 
(sorrow, anger, disgust, etc.), and thus divided the persons as- 
sessed into those of a cheerful or optimistic type and those of à 
morose or pessimistic type. The resulting fourfold scheme was 
not unlike the traditional classification of temperaments based on 
the so-called ‘humours’ - the choleric, the phlegmatic, the san- 
guine and the melancholic. Finally, there were a number of 
narrower group-factors, largely corresponding to the several *jn- 
stincts’ or ‘primary emotions’. As with cognitive characteristics, 
the frequency distributions for the factor measurements were all 
approximately normal; thus the so-called ‘types’ are really the 
more extreme examples of the various distinguishable tendencies.? 
Similar methods were used to factorize acquired emotional 
characteristics — interests, sentiments, complexes, etc. ; and once 
again a hierarchical structure of progressively complex levels was 
obtained.? 


1. J. Exp. Pedag., p. 355ff and refs. . ; 

2. C. Burt, ‘The General and Specific Factors underlying the Primary 
Emotions’, Brit. Assoc. Ann. Rep., 1915, p. 694ff. This early research was 
fully confirmed by later and more extensive investigations: *The Analysis 0 
Temperament’ Brit. J. Med. Psych., 12, 1938, p. 184ff, and ‘The Factorial 
Study of Temperamental Traits’, Brit. J. Statist. Psychol., 1, 1947, p. 178ff, 
and other papers there cited. The first two factors have since been obtaine 
both by Eysenck and by Cattell, though their terminology differs from that 
here adopted. 

3. For a fuller discussion of these acquired factors see M. L. Reymerts 
‘The Factorial Study of Emotions’, Feelings and Emotion, 1950, p. 542ff. 
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IM Summary and Conclusions 

Let me now briefly summarize the more general conclusions 
emerging from this condensed review. 

(1) Many British psychologists and educationists, influenced 
chiefly by Ward or Spearman, still cling to the attractive and 
highly simplified theory that there is only one basic, all-pervasive 
cognitive factor, and that what are mistakenly regarded as special 
factors or ‘faculties’ are merely the effects of environmental 
opportunity, personal interest, education, occupation, and the 
like. The cumulative evidence set forth in the preceding pages 
should, I think, finally dispose of this unitarian doctrine. At least 
eighteen of the special or *group' factors mentioned in the pre- 
vious sections have been established by at least three independent 
investigators; many of them by more than half a dozen. And of 
these the vast majority would seem to be partly, if not mainly, 
determined by genetic variations, though here the evidence is by 
no means conclusive. 

(2) The opposite theory put forward by Thurstone and still 
favoured by most American writers — that the mind consists of a 
miscellaneous assortment of ‘primary abilities’, showing little or 
no system or order, and no definite or intelligible relations with 
each other — appears to be equally inadequate. The mind, like the 
central nervous system, exhibits a systematic type of organization 
~a hierarchical scheme, arranged in four or five levels of increas- 
ing complexity and generality. The more general factors can be 
sub-divided into less general, the broader factors into narrower, 
and each narrow factor into sub-factors, and so on. 

(3) All the main cognitive factors of importance to the educa- 
tionist would now seem to have been determined; but there is 
still an obvious and urgent need for further research. We need to 
know far more about the precise nature of the several factors, 
about their relations to the neural mechanisms and processes of 
the brain, and above all about the influence of genetic tendencies; 
and this holds both of cognitive and of temperamental factors. 
The scheme I have outlined is no more than a scheme. It is not 
put forward as a fixed and final conception, but simply as a work- 
ing basis for current practice and for future investigation. 

1. This refers to the period when this article was originally written. 


Even today, however, many writers on educational topics still apparently 
regard Spearman's doctrine as orthodox. 
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Three Faces of Intellect 


J. P. Guilford, ‘Three faces of intellec: 


t’, Amer. Psychologist. voi. 14 
(1959), pp. 469-79. 


Before anything else, I should like to express my deep appreciation 
_ to Mrs Walter V. Bingham for making this lecture possible and also 
= to the committee of 

inviting me to be the 19. 


the furtherance of methods 
gnition of talent. It is very noteworthy that twice before 
.. this university has been indirectly honored by the selection of Lewis M. 
= Terman as the first Walter V. Bingham lecturer and the selection of | 
Edward K. Strong Jr, as the lecturer in 1958. ez 


My subject is in the area of human intelligence, in connection with - 
which the names of Terman and Stanford have become known the 
world over. The Stanford Revision of the Binet intelligence scale 
has been the standard against which all other instruments for the — 
. measurement of intelligence have been compared. The term IQ 
or intelligence quotient has become a household word in this 
country. This is illustrated by two brief stories. 


E A few years ago, one of my neighbors came home from the PTA 
F meeting, remarking: ‘That Mrs So-And-So thinks she knows so 
| much. She kept talking about the "intelligence quota" of the children; 
“intelligence quota”; imagine. Why, everybody knows that IQ stands 
" for “intelligence quiz" ; E 

) The other story comes from a little comic strip in a Los Angeles 
i 

x 


morning newspaper, called ‘Junior Grade’. In the first picture a little - 

boy meets a little girl, both apparently about the first-grade level. 
l The little girl remarks, ‘I have a high IQ.' The little boy, puzzled, said, 
.. ‘You have a what?’ The little girl repeated, ‘I have a high 1Q,’ then 
went on her way. The little boy, looking thoughtful, said, *And she 
looks like such a nice little girl, too." 


* 

It is my purpose to speak about the analysis of this thing called 

human intelligence into its components. I do not believe that ` 
"either Binet or Terman, if they were still with us, would object to 
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the idea of a searching and detailed study of intelligence, aimed 
toward a better understanding of its nature. Preceding the de- 
velopment of his intelligence scale, Binet had done much research 
on different kinds of thinking activities and apparently recognized 
that intelligence has a number of aspects. It is to the lasting credit 

. of both Binet and Terman that they introduced such a great 
variety of tasks into their intelligence scales. 

Two related events of very recent history make it imperative 
that we learn all we can regarding the nature of intelligence. I am 
referring to the advent of the artificial satellites and planets and to 
the crisis in education that has arisen in part as a consequence. 
The preservation of our way of life and our future security depend 
upon our most important national resources: our intellectual 
abilities and, more particularly, our creative abilities. It is time, 
then, that we learn all we can about those resources. 

Our knowledge of the components of human intelligence has 

. come about mostly within the last 25 years. The major sources of 
this information in this country have been L. L. Thurstone and 
= his associates, the wartime research of psychologists in the 
United States Air Forces, and more recently the Aptitudes Pro- 
ject! at the University of Southern California, now in its tenth 
year of research on cognitive and thinking abilities. The results 
from the Aptitudes Project that have gained perhaps the most 
| ^ attention have pertained to creative-thinking abilities. These are _ 
- . mostly novel findings. But to me, the most significant outcome has 
been the development of a unified theory of human intellect, - 
which organizes the known, unique or primary intellectual abili- — 
ties into a single system called the ‘structure of intellect’. It isto 
this system that I shall devote the major part of my remarks, with — 
very brief mentions of some of the implications for the psychology: 
of thinking and problem solving, for vocational testing and for _ 
education. M 
.. The discovery of the components of intelligence has been by — 
meàns of the experimental application of the method of factor 
analysis. It is not necessary for you to know anything about the 
theory or method of factor analysis in order to follow the dis- 
cussion of the components. I should like to say, however, that 
factor analysis has no connection with or resemblance to psycho- 
analysis. A positive statement would be more helpful, so I will 
say that each intellectual component or factor is a unique ability 
that is needed to do well in a certain class of tasks or tests. As a 


-1. Under Contract N6onr-23810 with the Office of Naval Research 
(Personnel and Training Branch). = F 
* - 
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general principle we find that certain individuals do well in the 
tests of a certain class, but they may do poorly in the tests of 
another class. We conclude that a factor has certain properties 
from the features that the tests of a class have in common. I shi 


give you very soon a number of examples of tests, each represent- 
ing a factor. 


The Structure of Intellect 


Although each factor is sufficiently distinct to be detected by fac- 
tor analysis, in very recent years it has become apparent that the 
factors themselves can be classified because they resemble one an- 
other in certain ways. One basis of classification is according to 
the basic kind of Process or operation performed. This kind of 
Classification gives us five major groups of intellectual abilities: 


factors of cognition, memory, convergent thinking, divergent — 


thinking, and evaluation, 

Cognition means discovery or rediscovery or recognition. 

emory means retention of what is cognized. Two kinds of pro- 
ductive-thinking Operations generate new information from 
known information and remembered information. In divergent- 
thinking operations we think in different directions, sometimes 
Searching, sometimes secking variety. In convergent thinking the 
information leads to one right answer or to a recognized best or 
conventional answer. In evaluation we reach decisions as to good- 
ness, correctness, suitability, or adequacy of what we know, what 
we remember, and what we produce in productive thinking. 

A second way of classifying the intellectual factors is according 
to the kind of material or content involved. The factors known 
thus far involve three kinds of material or content: the content 
may be figural, symbolic, or semantic. Figural content is concrete 
material such as is perceived through the senses. It does not repre- 
sent anything except itself. Visual material has properties such as 
size, form, color, location, or texture. Things we hear or feel pro- 
vide other examples of figural material. Symbolic content is 
composed of letters, digits, and other conventional signs, usually 
organized in general systems, such as the alphabet or the number 
system. Semantic content is in the form of verbal meanings oF 
ideas, for which no examples are necessary. 

When a certain operation is applied to a certain kind of con- 
tent, as many as six general kinds of products may be involved. 
There is enough evidence available to suggest that, regardless of 
the combinations of operations and content, the same six kinds 
of products may be found associated. The six kinds of products 
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are: units, classes, relations, systems, transformations, and im- 
plications. So far as we have determined from factor analysis, 
these are the only fundamental kinds of products that we can 
know. As such, they may serve as basic classes into which one 
might fit all kinds of information psychologically. 
The three kinds of classifications of the factors of intellect can 
be represented by means of a single solid model, shown in 
figure 1. In this model, which we call the ‘structure of intellect’, 


memory 
cognition =, 


evaluation 

convergent thinking 

divergent thinking LA e 
z= 


OPERATIONS 


units 
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behavioral 


Figure 1 A cubical model representing the structure of intellect. 


EX X 
NES 


CONTENTS 


each dimension represents one of the modes of variation of the 
factors. Along one dimension are found the various kinds of 
operations, along a second one are the various kinds of products, 
and along the third are various kinds of content. Along the dimen- 

sion of content a fourth category has been added, its kind of 
i content being designated as ‘behavioral’. This category has been 
j added on a purely theoretical basis to represent the general area 


1. For an earlier presentation of the concept, see Guilford (1956). g 
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sometimes called ‘social intelligence’. 
this section of the model later. 

In order to provide a better basis for understanding the model 
and a better basis for accepting it as a picture of human intellect, 
Ishall do some exploring of it with you systematically, giving some 
examples of tests. Each cell in the model calls for a certain kind 
of ability that can be described in terms of operation, content, 
and product, for each cell is at the intersection of a unique com- 
bination of kinds of operation, content, and product. A test for 
that ability would have the same three properties. In our explora- 
tion of the model, we shall take one vertical layer at a time, be- 
ginning with the front face. The first layer provides us with a 
matrix of 18 cells (if we ignore the behavioral column for which 
there are as yet no known factors) each of which should contain a 
cognitive ability. 


More will be said about 


The cognitive abilities 


We know at present the unique abilities that fit logically into 15 
of the 18 cells for cognitive abilities. Each row presents a triad of 
similar abilities, having a single kind of product in common. The 
factors of the first row are concerned with the knowing of units. 
A good test of the ability to cognize figural units is the Street 
Gestalt Completion Test. In this test, the recognition of familiar 
pictured objects in silhouette form is made difficult for testing 
purposes by blocking out parts of those objects. There is another 
factor that is known to involve the perception of auditory figures 
—in the form of melodies, rhythms, and speech sounds—and still 
another factor involving kinesthetic forms. The presence of three 
factors in one cell (they are conceivably distinct abilities, although 
this has not been tested) suggests that more generally, in the 
figural column, at least, we should expect to find more than one 
ability. A fourth dimension pertaining to variations in sense } 
modality may thus apply in connection with figural content. The 
model could be extended in this manner if the facts call for such | 
an extension. 


The ability to cognize symbolic units is measured by tests like 
the following: 


Put vowels in the following blanks to make real words: 


P—W- ——R 
M—RV—L 
C—RT—N 
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Rearrange the letters to make real words: 


RACIH 
TVOES 
KLCCO 


The first of these two tests is called Disemboweled Words, and 
the second Scrambled Words. 

The ability to cognize semantic units is the well-known factor 
of verbal comprehension, which is best measured by means of a 
vocabulary test, with items such as: 


GRAVITY means 
CIRCUS means 
VIRTUE means 


From the comparison of these two factors it is obvious that re- 
cognizing familiar words as letter structures and knowing what 
words mean depend upon quite different abilities. 

For testing the abilities to know classes of units, we may present _ 
the following kinds of items, one with symbolic content and one 
with semantic content: 


Which letter group does not belong? 
XECM  PVAA QXIN VTRO 


Which object does not belong? 
clam tree oven rose 


A figural test is constructed in a completely parallel form, pre- 
senting in each item four figures, three of which have a property 
in common and the fourth lacking that property. 

The three abilities to see relationships are also readily measured — 
by a common kind of test, differing only in terms of content. The 
well-known analogies test is applicable, two items in symbolic and 
semantic form being: 


JIRE : KIRE : : FORA : KORE KORA LIRE GORA GIRE 
poetry : prose : : dance : music walk sing talk jump 


Such tests usually involve more than the ability to cognize rela- 
tions, but we are not concerned with this problem at this point. — 
The three factors for cognizing systems do notat present appear - 
in tests so closely resembling one another as in the case of the 
examples just given. There is nevertheless an underlying common. 
core of logical similarity. Ordinary space tests, such as Thurstone's 
Flags, Figures, and Cards or Part V (Spatial Orientation) of the 
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Guilford-Zimmerman Aptitude Survey (GZAS), serve in the 
figural column. The system involved is an order or arrangement 
of objects in space. A system that uses symbolic elements is 
illustrated by the Letter Triangle Test, a sample item of which is: 


What letter belongs at the place of the question mark? 


The ability to understand a semantic system has been known 
for some time as the factor called general reasoning. One of its 
most faithful indicators is a test composed of arithmetic-reason- 
ing items. That the phase of understanding only is important for 
measuring this ability is shown by the fact that such a test works 
even if the examinee is not asked to give a complete solution; he 
need only show that he structures the problem properly. For ex- 
ample, an item from the test Necessary Arithmetical Operations 
simply asks what operations are needed to solve the problem: 


A city lot 48 feet wide and 149 A. add and multiply 

feet deep costs $79,432. What is B. multiply and divide 

is the cost per square foot? C. subtract and divide 
D. add and subtract 
E. divide and add 


Placing the factor of general reasoning in this cell of the structure 
of intellect gives us some new conceptions of its nature. It should 
be a broad ability to grasp all kinds of systems that are conceived 
in terms of verbal concepts, not restricted to the understanding of 
problems of an arithmetical type. 

Transformations are changes of various kinds, including modi- 
fications in arrangement, organization, or meaning. In the figural 
column for the transformations row, we find the factor known as 
visualization. Common measuring instruments for this factor are 
the surface-development tests, and an example of a different kind 
is Part VI (Spatial Visualization) of the GZAS. A test of the 
ability to make transformations of meaning, for the factor in the 
semantic column, is called Similarities. The examinee is asked to 
state several ways in which two objects, such as an apple and an 
orange, are alike. Only by shifting the meanings of both is the 
examinee able to give many responses to such an item. 

Tn the set of abilities having to do with the cognition of impli- 

cations, we find that the individual goes beyond the information 
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given, but not to the extent of what might be called drawing 
conclusions. We may say that he extrapolates. From the given 
information he expects or foresees certain consequences, for ex- 
ample. The two factors found in this row of the cognition matrix 
were first called ‘foresight’ factors. Foresight in connection with 


figural material can be tested by means of paper-and-pencil 
mazes. Foresight in connection with ideas, those pertaining to 
events, for example, is indicated by a test such as Pertinent Ques- 
tions: 


In planning to open a new hamburger stand 
in a certain community, what four questions 
should be considered in deciding upon its 
location? 


The more questions the examinee asks in response to a list of such 
problems, the more he evidently foresees contingencies. 


The memory abilities 

The area of memory abilities has been explored less than some of 
the other areas of operation, and only seven of the potential cells 
of the memory matrix have known factors in them. These cells 
are restricted to three rows: for units, relations, and systems. The 
first cell in the memory matrix is now occupied by two factors, 
parallel to two in the corresponding cognition matrix: visual 
memory and auditory memory. Memory for series of letters or 
numbers, as in memory span tests, conforms to the conception of 
memory for symbolic units. Memory for the ideas in a paragraph 
conforms to the conception of memory for semantic units. 

The formation of associations between units, such as visual 
forms, syllables, and meaningful words, as in the method of 
paired associates, would seem to represent three abilities to re- _ 
member relationships involving three kinds of content. We know 
of two such abilities, for the symbolic and semantic columns. The 
memory for known systems is represented by two abilities very - 
recently discovered (Christal, 1958). Remembering the arrange- 
ment of objects in space is the nature of an ability in the figural 
column, and remembering a sequence of events is the nature of a 
corresponding ability in the semantic column. The differentiation 
between these two abilities implies that a person may be able to 
say where he saw an object on a page, but he might not be able to 
say on which of several pages he saw it after leafing through 
several pages that included the right one. Considering the blank 
rows in the memory matrix, we should expect to find abilities also 
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. toremember classes, transformations, and implications, as well as 
j units, relations, and systems. 


4 The divergent-thinking abilities 

The unique feature of divergent production is that a variety of 
responses is produced. The product is not completely determined 
by the given information. This is not to say that divergent think- 
ing does not come into play in the total process of reaching a 
. unique conclusion, for it comes into play wherever there is trial- 

. and-error thinking. 

The well-known ability of word fluency is tested by asking the 
examinee to list words satisfying a specified letter requirement, 
such as words beginning with the letter ‘s’ or words ending in 
*-tion*. This ability is now regarded as a facility in divergent pro- 
duction of symbolic units. The parallel semantic ability has been 
known as ideational fluency. A typical test item calls for listing 

| objects that are round and edible. Winston Churchill must have 
possessed this ability to a high degree. Clement Attlee is reported 
to have said about him recently that, no matter what problem 
. came up, Churchill always seemed to have about ten ideas. The 
trouble was, Attlee continued, he did not know which was the 


» good one. The last comment implies some weakness in one or 
more of the evaluative abilities. 


The divergent production of class ideas is believed to be the 

unique feature of a factor called “spontaneous flexibility". A 
_ typical test instructs the examinee to list all the uses he can think 
_ of for a common brick, and he is given eight minutes. If his re- 
sponses are: build a house, build a barn, build a garage, build a 
school, build a church, build a chimney, build a walk, and build a 
. barbecue, he would earn a fairly high score for ideational fluency 
but a very low score for spontaneous flexibility, because all these 
uses fall into the same class. If another person said: make a door 
Stop, make a paper weight, throw it at a dog, make a bookcase, 
. drown a cat, drive a nail, make a red powder, and use for baseball 
bases, he would also receive a high score for flexibility. He has 
gone frequently from one class to another. 
. A current study of unknown but predicted divergent-produc- 
tion abilities includes testing whether there are also figural and 
symbolic abilities to produce multiple classes. An experimental 
figural test presents a number of figures that can be classified in 
. groups of three in various ways, each figure being usable in more 
. than one class. An experimental symbolic test presents a few 
numbers that are also to be classified in multiple ways. 
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A unique ability involving relations is called ‘association 
fluency’. It calls for the production of a variety of things relate 
in a specified way to a given thing. For example, the examinee 
asked to list words meaning about the same as ‘good’ or to li: 
words meaning about the opposite of ‘hard’. In these instances 
the response produced is to complete a relationship, and semantic — 
content is involved. Some of our present experimental tests call _ 


figural and symbolic content also. For example, given four small 
digits, in how many ways can they be related in order to produce 
a sum of eight? 
One factor pertaining to the production of systems is known as 
expressional fluency. The rapid formation of phrases or sentences - 
is the essence of certain tests of this factor. For example, given the 
initial letters: 


W. n 


Tg 


with different sentences to be produced, the examinee might write | 
“We can eat nuts’ or ‘Whence came Eve Newton?’ In interpret- 
ing the factor, we regard the sentence as a symbolic system. By — 
analogy, a figural system would be some kind of organization of 
lines and other elements, and a semantic system would be in the — 
form of a verbally stated problem or perhaps something as com- - 
plex as a theory. 

In the row of the divergent-production matrix devoted to 
transformations, we find some very interesting factors. The one 
called ‘adaptive flexibility’ is now recognized as belonging in the — 
figural column. A faithful test of it has been Match Problems. This 
is based upon the common game that uses squares, the sides of - 
which are formed by match sticks. The examinee is told to take - 
away a given number of matches to leave a stated number of - 
squares with nothing left over. Nothing is said about the sizes of | 
the squares to be left. If the examinee imposes upon himself the 
restriction that the squares that he leaves must be of the same size, - 
he will fail in his attempts to do items like that in figure 2, — 
Other odd kinds of solutions are introduced in other items, such — 
as overlapping squares and squares within squares, and so on. In - 
another variation of Match Problems the examinee is told to 
produce two or more solutions for each problem. 

A factor that has been called ‘originality’ is now recognized as. 
adaptive flexibility with semantic material, where there must be a 
, shifting of meanings. The examinee must produce the shifts or 
changes in meaning and so come up with novel, unusual, clever, 


take away four matches in A leaving 
three squares and nothing more Answer B 


Figure 2 A sample item from the test Match Problems. The problem in this 1 


item is to take away four matches and leave three squares. The solution 
is given. 


or farfetched ideas. The Plot Titles Test presents a short story, 
the examinee being told to list as many appropriate titles as he 
can to head the story. One story is about a missionary who has 
been captured by cannibals in Africa. He is in the pot and about 
to be boiled when a princess of the tribe obtains a promise for his 


release if he will become her mate. He refuses and is boiled to 
death. 


Tn scoring the test, we separate the responses into two cate- 
gories, clever and nonclever. Examples of nonclever responses 
are: African Death, Defeat of a Princess, Eaten by Savages, The 
Princess, The African Missionary, In Darkest Africa, and Boiled 
by Savages. These titles are appropriate but commonplace. The 
number of such responses serves as a score for ideational fluency. 
Examples of clever responses are: Pot's Plot, Potluck Dinner, 
Stewed Parson, Goil or Boil, A Mate Worse Than Death, He 
Left a Dish for a Pot, Chaste in Haste, and A Hot Price for Free- 
dom. The number of clever responses given by an examinee is his 
Score for originality, or the divergent production of semantic 
transformations. à 
Another test of originality presents a very novel task so that 
any acceptable response is unusual for the individual. In the 
Symbol Production Test the examinee is to produce a simple 
symbol to stand for a noun or a verb in each short sentence, in 
other words to invent something like pictographic symbols. Still 
another test of originality asks for writing the ‘punch lines’ for 
cartoons, a task that almost automatically challenges the ex- - 
aminee to be clever. Thus, quite a variety of tests offer approaches 
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to the measurement of originality, including one or two others 
that I have not mentioned. 

Abilities to produce a variety of implications are assessed by 
tests calling for elaboration of given information. A figural test 
of this type provides the examinee with a line or two, to which he 
is to add other lines to produce an object. The more lines he adds, 
the greater his score. A semantic test gives the examinee the out- 
lines of a plan to which he is to respond by stating all the details 
he can think of to make the plan work. A new test we are trying 
out in the symbolic area presents two simple equations such as 
B—C=Dandz= A + D. The examinee is to make as many 
other equations as he can from this information. 


The convergent-production abilities 

Of the 18 convergent-production abilities expected in the three 
content columns, 12 are now recognized. In the first row, per- 
taining to units, we have an ability to name figural properties 
(forms or colors) and an ability to name abstractions (classes, re- 
lations, and so on). It may be that the ability in common to the 
speed of naming forms and the speed of naming colors is not 
appropriately placed in the convergent-thinking matrix. One 
might expect that the thing to be produced in a test of the con- 
vergent production of figural units would be in the form of figures 
rather than words. A better test of such an ability might somehow 
specify the need for one particular object, the examinee to furnish 
the object. 

A test for the convergent production of classes (Word Group- 
ing) presents a list of 12 words that are to be classified in four, and 
only four, meaningful groups, no word to appear in more than one. 
group. A parallel test (Figure Concepts Test) presents 20 pictured 
real objects that are to be grouped in meaningful classes of two or 
more each. 

Convergent production having to do with relationships is re- 
presented by three known factors, all involving the *eduction of 

-correlates’, as Spearman called it. The given information in- 
cludes one unit and a stated relation, the examinee to supply the 
other unit. Analogies tests that call for completion rather than a 


choice between alternative answers emphasize this kind of ability. M 


With symbolic content such an item might read: 
pots stop bard drab rats — ? 


A semantic item that measures education of correlates is: 
The absence of sound is 


Incidentally, the latter item is from a vocabulary-completion test, 
and its relation to the factor of ability to produce correlates indi- 
cates how, by change of form, a vocabulary test may indicate an 
ability other than that for which vocabulary tests are usually in- 
tended, namely, the factor of verbal comprehension. 
Only one factor for convergent production of systems is known, 
andit is in the semantic column. It is measured by a class of tests 
that may be called ordering tests. The examinee may be presented 
with a number of events that ordinarily have a best or most 
. logical order, the events being presented in scrambled order. The 
. presentation may be pictorial, as in the Picture Arrangement Test, 
. or verbal. The pictures may be taken from a cartoon strip. The — 
. verbally presented events may be in the form of the various Steps 
_ needed to plant a new lawn. There are undoubtedly other kinds of 
Systems than temporal order that could be utilized for testing 
. abilities in this row of the convergent-production matrix. 
Inthe way of producing transformations of a unique variety, we 
- have three recognized factors, known as redefinition abilities, In 
. each case, redefinition involves the changing of functions or uses 
. of parts of one unit and giving them new functions or uses in 
. Some new unit. For testing the ability of figural redefinition, a task 
_ based upon the Gottschaldt figures is suitable. Figure 3 shows the 


SADA 
a 


item 1 item 2 


Figure 3 Sample items from a test Hidden Figures, based upon Gottschaldt 


figures. Which of the simpler figures is concealed within each of the two — 
. more complex figures? 


. kind of item for such a test. In recognizing the simpler figure with- 
in the structure of a more complex figure, certain lines must take 
on new roles. 

In terms of symbolic material, the following sample items will 
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to use in other words. In the test Camouflaged Words, each sen- 
tence contains the name of a sport or game: 


I did not know that he was ailing. 
To beat the Hun, tin goes a long way. 


For the factor of semantic redefinition, the Gestalt Transforma- i 
tion Test may be used. A sample item reads: 


From which object could you most likely make a needle? 


. a cabbage 

. a splice 

. a steak 

. a paper box 
. a fish 


The convergent production of implications means the drawing _ 
of fully determined conclusions from given information. The well- — 
known factor of numerical facility belongs in the symbolic - 
column. For the parallel ability i in the figural column, we have a — 
test known as Form Reasoning, in which rigorously defined opera- _ 
tions with figures are used. For the parallel ability in the semantic 
column, the factor sometimes called ‘deduction’ probably quali- - 


fies. Items of the following type are sometimes used. 


Charles is younger than Robert 
Charles is older than Frank 
Who is older: Robert or Frank? 


Evaluative abilities 


The evaluative area has had the least investigation of all the opera- - 
tional categories. In fact, only one systematic analytical study - 
has been devoted to this area. Only eight evaluative abilities are - 
recognized as fitting into the evaluation matrix. But at least five - 
rows have one or more factors each, and also three of the usual 
columns or content categories. In each case, evaluation involves - 
reaching decisions as to the accuracy, goodness, suitability, o 
workability of information. In each row, for the particular kinc 
of product of that row, some kind of criterion or standard of - 
judgment is involved. k 
In the first row, for the evaluation of units, the important 
decision to be made pertains to the identity of a unit. Is this unit 
identical with that one? In the figural column we find the factor 
long known as ‘perceptual speed’. Tests of this factor invariably 
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. call for decisions of identity, for example, Part IV (Perceptual 
Speed) of the GZAS or Thurstone's Identical Forms. I think it 
has been generally wrongly thought that the ability involved is 

| that of cognition of visual forms. But we have seen that another 

. factor is a more suitable candidate for this definition and for 

. being in the very first cell of the cognitive matrix. It is parallel to 

1 thisevaluative ability but does not require the judgment of identity 

|. as one of its properties. 

3 In the symbolic column is an ability to judge identity of sym- 

bolic units, in the form of series of letters or numbers or of names 

of individuals. 


Are members of the following pairs identical or not: 
825170493 825176493 
dkeltvmpa- dkeltvmpa 

C. S. Meyerson———C. E. Meyerson 


Such items are common in tests of clerical aptitude. 

There should be a parallel ability to decide whether two ideas 
are identical or different. Is the idea expressed in this sentence the 
Same as the idea expressed in that one? Do these two proverbs ex- 
press essentially the same idea? Such tests exist and will be used 
to test the hypothesis that such an ability can be demonstrated. 

No evaluative abilities pertaining to classes have as yet been 
recognized. The abilities having to do with evaluation where rela- 
tions are concerned must meet the criterion of logical consistency. 
Syllogistic-type tests involving letter symbols indicate a different 
ability than the same type of test involving verbal statements. In 
_ the figural column we might expect that tests incorporating geo- 
metric reasoning or proof would indicate a parallel ability to 
sense the soundness of conclusions regarding figural relationships. 

The evaluation of systems seems to be concerned with the in- 
ternal consistency of those systems, so far as we can tell from the 
knowledge of one such factor. The factor has been called *expert- 
ential evaluation’, and its representative test presents items like 
that in figure 4 asking ‘What is wrong with this picture?’ The 
things wrong are often internal inconsistencies. 

A semantic ability for evaluating transformations is thought to 
_ be that known for some time as ‘judgment’. In typical judgment 
tests, the examinee is asked to tell which of five solutions to à 
practical problem is most adequate or wise. The solutions fre- 
quently involve improvisations, in other words, adaptations of 
familiar objects to unusual uses. In this way the items present 
redefinitions to be evaluated. 
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Figure 4 A sample item from the test Unusual Details. What two things 
are wrong with this picture? ^ 


A factor known first as ‘sensitivity to problems’ has become 
recognized as an evaluative ability having to do with implications. 
One test of the factor, the Apparatus Test, asks for two needed - 
improvements with respect to each of several common devices, - 
such as the telephone or the toaster. The Social Institutions Test, 
a measure of the same factor, asks what things are wrong with 
each of several institutions, such as tipping or national elections. 
We may say that defects or deficiencies are implications of an 
evaluative kind. Another interpretation would be that seeing de- 
fects and deficiencies are evaluations of implications to the effect 
that the various aspects of something are all right.* 


Some Implications of the Structure of Intellect 
For psychological theory 
Although factor analysis as generally employed is best designed 
to investigate ways in which individuals differ from one another, - 
in other words, to discover traits, the results also tell us much 
about how individuals are alike. Consequently, information re- 
garding the factors and their interrelationships gives us under- 
standing of functioning individuals. The five kinds of intellectual 
abilities in terms of operations may be said to represent five ways 
of functioning. The kinds of intellectual abilities distinguished 
according to varieties of test content and the kinds of abilities 
distinguished according to varieties of products suggest a classifi- 
cation of basic forms of information or knowledge. The kind of 
1. For further details concerning the intellectual factors, illustrative 


tests, and the place of the factors in the structure of intellect, see Guilford 
(1959), 
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organism suggested by this way of looking at intellect is that of an 
agency for dealing with information of various kinds in various 
ways. The concepts provided by the distinctions among the intel- — 
lectual abilities and by their classifications may be very useful in 
our future investigations of learning, memory, problem-solving 
invention, and decision making, by whatever method we choose 
to approach those problems. 


For vocational testing 


With about 50 intellectual factors already known, we may say - 
that there are at least 50 ways of being intelligent. It has been. 
.. facetiously suggested that there seem to be a great many more 
ways of being stupid, unfortunately. The structure of intellect is 
a theoretical model that predicts as many as 120 distinct abilities, 
if every cell of the model contains a factor. Already we know that | 
. two cells contain two or more factors each, and there probably 
re actually other cells of this type. Since the model was first con- 
ceived, 12 factors predicted by it have found places in it. There is 
consequently hope of filling many of the other vacancies, and we 
. may eventually end up with more than 120 abilities. 
The major implication for the assessment of intelligence is that 

_ to know an individual's intellectual resources thoroughly we shall 
.. need a surprisingly large number of scores. It is expected that 
many of the factors are intercorrelated, so there is some possi- 
bility that by appropriate sampling we shall be able to cover the 
important abilities with a more limited number of tests. At any 
rate, a multiple-score approach to the assessment of intelligence 
is definitely indicated in connection with future vocational opera- - 
tions. 

Considering the kinds of abilities classified as to content, we 
may speak roughly of four kinds of intelligence. The abilities in- 
volving the use of figural information may be regarded as ‘con- 
crete’ intelligence. The people who depend most upon these 
abilities deal with concrete things and their properties. Among |- 
these people are mechanics, operators of machines, engineers (in 
some aspects of their work), artists, and musicians. | 

In the abilities pertaining to symbolic and semantic content, - 
we have two kinds of ‘abstract’ intelligence. Symbolic abilities 
Should be important in learning to recognize words, to spell, and 
to operate with numbers. Language and mathematics should de- 
pend very much upon them, except that in mathematics some 
aspects, such as geometry, have strong figural involvement. Se- 
mantic intelligence is important for understanding things in terms 
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of verbal concepts and hence is important in all courses where the 
learning of facts and ideas is essential. p 

In the hypothesized behavioral column of the structure of .— 
intellect, which may be roughly described as *social intelligence, 
we have some of the most interesting possibilities. Understanding 
the behavior of others and of ourselves is largely nonverbal in 
character. The theory suggests as many as 30 abilities in this area, 
some having to do with understanding, some with productive 
thinking about behavior, and some with the evaluation of be- 
havior. The theory also suggests that information regarding 
. behavioris also in the form of the six kinds of products that apply 
elsewhere in the structure of intellect, including units, relations, 
systems, and so on. The abilities in the area of social intelligence, — 
whatever they prove to be, will possess considerable importance 
in connection with all those individuals who deal most with other _ 
people: teachers, law officials, social workers, therapists, politic- — 
jans, statesmen, and leaders of other kinds. j 


For education ‘ 
The implications for education are numerous, and I have time 
just to mention a very few. The most fundamental implication is 
that we might well undergo transformations with respect to our 
conception of the learner and of the process of learning. Under 
the prevailing conception, the learner is a kind of stimulus- 
- response device, much on the order of a vending machine. You 
put in a coin, and something comes out. The machine learns what 
reaction to put out when a certain coin is put in. If, instead, we 
think of the learner as an agent for dealing with information, 
where information is defined very broadly, we have something 
more analogous to an electronic computer. We feed a computer : 
information; it stores that information; it uses that information 
for generating new information, either by way of divergent or 
convergent thinking; and it evaluates its own results. Advantages 
that a human learner has over a computer include the step of |. 
seeking and discovering new information from sources outside 
itself and the step of programing itself. Perhaps even these steps 
will be added to computers, if this has not already been done in = 
some cases. 

At any rate, this conception of the learner leads us to the idea 
that learning is discovery of information, not merely the forma- 
tion of associations, particularly associations in the form of 
stimulus-response connections. I am aware of the fact that my 
proposal is rank heresy. But if we are to make significant progress 
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in our understanding of human learning and particularly our 
understanding of the so-called higher mental processes of think- 
ing, problem solving, and creative thinking, some drastic modifi- 
cations are due in our theory. 

The idea that education is a matter of training the mind or of 
training the intellect has been rather unpopular, wherever the 
prevailing psychological doctrines have been followed. In theory, 
at least, the emphasis has been upon the learning of rather specific 
habits or skills. If we take our cue from factor theory, however, 
we recognize that most learning probably has both specific and 
general aspects or components. The general aspects may be along 
the lines of the factors of intellect. This is not to say that the 
individual’s status in each factor is entirely determined by learn- 
ing. We do not know to what extent each factor is determined by 
heredity and to what extent by learning. The best position for 
educators to take is that possibly every intellectual factor can be 
developed in individuals at least to some extent by learning. 

If education has the general objective of developing the intel- 
lects of students, it can be suggested that each intellectual factor 
provides a particular goal at which to aim. Defined by a certain 
combination of content, operation, and product, each goal ability 
then calls for certain kinds of practice in order to achieve im- 
provement in it. This implies choice of curriculum and the choice 
or invention of teaching methods that will most likely accomplish 
the desired results. 

Considering the very great variety of abilities revealed by the 


` factorial exploration of intellect, we are in a better position to ask 


whether any general intellectual skills are now being neglected in 
education and whether appropriate balances are being observed. 
It is often observed these days that we have fallen down in the 
way of producing resourceful, creative graduates. How true this 
is, in comparison with other times, I do not know. Perhaps the 
deficit is noticed because the demands for inventiveness are $0 
much greater at this time. At any rate, realization that the more 
conspicuously creative abilities appear to be concentrated in the 
divergent-thinking category, and also to some extent in the trans- 
formation category, we now ask whether we have been giving 
these skills appropriate exercise. It is probable that we need 4 
better balance of training in the divergent-thinking area as com- 
pared with training in convergent thinking and in critical thinking 
or evaluation. 

The structure of intellect as I have presented it to you may or 
may not stand the test of time. Even if the general form persists, 
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there are likely to be some modifications. Possibly some different. 
kind of model will be invented. Be that as it may, the fact of a. 
multiplicity of intellectual abilities seems well established. 

There are many individuals who long for the good old days of - 
simplicity, when we got along with one unanalyzed intelligence. - 
Simplicity certainly has its appeal. But human nature is exceed- 
ingly complex, and we may as well face that fact. The rapidly 
moving events of the world in which we live have forced upon us 
the need for knowing human intelligence thoroughly. Humanity's 
peaceful pursuit of happiness depends upon our control of nature 
and of our own behavior; and this, in turn, depends upon under- - 
standing ourselves, including our intellectual resources. 


References 


Christal, R. E. Factor analytic study of visual memory. 

Psychol Monogr., 1958, 72, No. 13 (Whole No. 466). 
Guilford, J. P. The structure of intellect. Psychol. Bull., 1956, 53, 267-93. — 
Guilford, J. P. Personality. New York: McGraw-Hill, 1959. 


237 


Part Five NATURE VERSUS NURTURE 


This section deals with the major problem, mentioned in the 
Introduction: the age-old controversy of heredity versus 
environment. Galton, himself a notable example of hereditary 
influences, had few doubts about this. In his Enquiries into 

i human faculty (1883) he states: 


There is no escape from the conclusion that Nature prevails 
enormously over Nurture when the differences of Nurture do not 
exceed what is commonly to be found among persons of the same 
rank of society and in the same country. My theory is that my 
evidence may seem to prove too much and be discredited on that 
account as it appears contrary to all experience that Nurture should — 
go for so little. But experience is often fallacious in ascribing great 
effects to trifling circumstances. (p. 241) 


If we take note of the reservation in Galton’s first sentence — 
this perhaps does little violence to the present state of informed 
opinion. Radical differences in environment can produce large 
effects on measured intelligence: differences ‘commonly found 
among persons of the same rank of society’ have, however, 
less dramatic effects, as has been repeatedly demonstrated in 
research. Research work in this field has tended to concentrate 
on studies of foster-children and studies of twins. Identical 
twins are, of course, obvious subjects for investigation, since 


of such monozygotic twins can be found who have been 
separated at birth, and brought up in very different kinds of 
homes, the influence of nurture can be estimated with a 
considerable degree of accuracy. Many researches of this type ^ — 
have been mounted, and the third of our extracts in this 
section consists of a very useful survey of the results of 52 
studies, yielding over 30,000 correlation coefficients. The 
summary of these in graphical form is a most telling 
confirmation of genetic theory. As the authors put it, *the 
median of the empirical correlations closely approaches the 
theoretical value predicted on the basis of genetic relationship 
alone’. 


OW ce aaa LA m T 


NATURE VERSUS NURTURE 


The first of our readings is taken from Hebb’s classic book 
The organization of behaviour, in which he uses results from 
experiments in animal psychology and neuro-physiology, data 
from the hospital clinic as well as the psychological laboratory. 
This book made an immediate impact, and all students of 
psychology and education are now familiar with “Intelligence 
A’ and ‘Intelligence B’, the labels invented by Hebb to 
distinguish between ‘the innate potential, the capacity for 
development’, and ‘the functioning of a brain in which 
development has gone on, determining an average level of 
performance or comprehension by the partly grown or mature 
person’. He agrees that ‘the effects of early experience are 
more or less generalized and permanent’, so that we ‘can 
concede a major effect of experience on the I.Q. and still 
leave the I.Q. its constancy and validity as an index of future 
performance’, 

The other contribution in this section is a revised version -z 
(revised by the author himself) of Burt's important paper The 
evidence for the concept of intelligence. This is much more than , 
a contribution to the nature-nurture controversy, and many 
Students will find its historical survey of interest and value. 
Although Burt emphasizes the great importance of genetic 
factors, he is far from occupying the reactionary role sometimes 
attributed to him by the less discerning social Scientists. He 
insists, for example, on the importance of the fact that 
differences within each social class are much greater than 
differences between the classes, and finishes his paper with a. 
comment that what we already know ‘presents an extremely 
complicated set of problems for the educationist, the politician, 
the social reformer, and the policy-makers of every truly 
democratic state’, and he goes on to urge the need ‘not only ` 
for further research but also for a more general understanding 
of the results of such research’. 

And what is most needed is more research on a much wider 
front. We need to attack more specific questions — and 
particularly, for example, the role of nature and nurture in the 
fostering of those abilities which reveal themselves in group 
factors, and the effects of environment on different aspects of 
educational attainment. In our Manchester researches on this 
latter set of problems (see Wiseman, S., Education and 
environment, 1964) we have demonstrated two significant facts: 
that environmental deficiencies appear to work differently: 
first, on verbal ability as compared with arithmetical ability; 
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second, on bright children as compared with dull children. 
The first point is being illuminated from a rather different 
point of view by the researches of Bernstein in London; the 
second — an even more important one — seems to attract little 
attention. The results of three separate surveys in Manchester 
Over the last few years have all been consistent in showing that 
bright children, children above average in intelligence and 
attainment, are more seriously affected by adverse f; 
environmental factors than are average or dull children; This 
finding receives some support from work done in Scotland by 
Maxwell and by Fraser. Why is this? How does it occur? And 
how — if at all — can the school and other social agencies 
counteract such affects? A massive research attack on these 
questions offer a potential profit to society which is very large 
indeed. Changes in the organization of secondary education 
can have but a marginal effect on problems such as these, in 
spite of the revolutionary claims made by some of the 
protagonists of organizational changes. Our latest results 
suggest, at the primary stage of education, that of all the 
environmental effects, good and bad, on educational attainment, 
62 per cent emanate from the home, 20 per cent from the 
neighbourhood and only 18 per cent from the school. How can 
the school effects be increased? And the deleterious home and 
neighbourhood effects reduced? These are the crucial questions 
for the second half of the twentieth century. The argument 
Over nature v. nurture as far as general intelligence is concerned 
is over and settled: let us now turn to these newer problems, 
with all their challenge and potential profit. 
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Excerpts from D. O. Hebb, The organization of behaviour, Chapman & 
Hall, 1949, chapter 11. 


Identifying Intellectual Deterioration * 


We feel, most of us, that we can make a reasonably good esti- 
mate of another's intellectual ability by conversation with him; _ 
and we are apt to feel, too, that we have in general a fairly good 
idea of what sort of problem can be solved by the healthy, 
‘average’, ‘normal’ people in our own communities. Both con- 
victions are frequently misleading. The first point on method is — 
that the detection of intellectual defect, following brain injury, — 
requires the test procedure and (in some form or other) the use of 
a control group. Er 
Ordinarily, the person who is clear in conversation, quick to — — 
understand what is said to him, and coherent in his reply, is — 
‘intelligent’: that is, conversational ability is correlated with — 
other abilities, and is not a bad basis of prediction. But these cor- — 
relations sometimes break down with pathological changes inthe _ 
brain, and then the prediction may be false. Also, one is apt to 
judge capacity by the patient's alertness and manner, apart from - 
what he says. The physician is familiar with deterioration in the — 
form of unresponsiveness, apathy, slowness, or inconstancy of T 
purpose. Accordingly, when such signs are absent the physician a 
may feel certain that intelligence is not impaired. E 
It is reasonably sure that this has been a major source of the — 
disagreement about intellectual impairment in aphasia. Because — 
f 
* 
& 


the aphasic always tries to respond, is fully attentive, and gives. 
the impression of being quite clear mentally, it is easy to conclude —— 
that he has lost nothing but the power of verbal recognition and ' 
expression. There are cases on record in which it has been - 
‘proved’ that aphasia does not affect intelligence, on the ground 
that the patient nodded and smiled when the physician greeted f 
him, that he knew whether it was morning or afternoon, or 
that he was able to let an attendant know when he needed the 
bedpan. Fon 
Tests, on the other hand, show that the aphasic usually cannot E 
fit blocks together to make a simple pattern, that he does not — — 
recognize absurdities in pictures, cannot make a simple drawing— — 
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even though he clearly knows what he is to do. In such 
performances the aphasic is almost certain to be at a much lower 
level than a normal individual of the same background and 
original ability. The aphasic patient is apt to have trouble in 
finding his way about, even in a familiar region, and to have 
trouble in manipulating simple mechanical contrivances. There 1S 
no sense in arguing over terminology, and each writer can define 
that equivocal term ‘intelligence’ to suit himself (though one 
might expect some consistency in its subsequent use); but because 
the aphasic is alert, and persistent in trying to discover what 2 and 
2 add up to, or to discover what is missing in a picture of a dog 


with three legs, it does not follow that he has lost only the capacity - 


for communication. There is also a change in what would usually 
be called intelligence. 


To detect deterioration, one cannot depend on impression alone 


but must also use test methods; and this requires a normal con- 
trol group. It is most dangerous to assume knowledge of what the 
‘average’ person knows and can do. Let me give some examples, 
based on data obtained in the standardization of some adult tests. 
Somewhere in the neighborhood of half the adult English-speak- 
ing population cannot complete the analogy foot is to ankle as 
hand is to what? or under : over-down : ? (though almost everyone 
can do dog: bark-cat : ?). About half the adult population think 
that priceless means ‘of no value’; nearly the same number are 
unaware that brunette refers to a dark complexion, and many 
think it a synonym for ‘blonde’ — meaning any lively young 
woman. Figure 1 shows some simple problems — apparently 
simple — that cannot be solved by some fraction, between 10 and 
25 per cent, of the adult population. 

The subjects in these tests were able to earn a living and con- 
duct their own affairs with ordinary prudence, and would not 
be classed as anything but normal in the clinic. If such a person 
happened to have a brain injury, and the examiner did not know 
what other persons of the same class would do with such tests, he 
would be bound to conclude that the brain injury was the reason 
for the subject's incompetence. No matter how simple one's tests 
may seem to be, the brain-injured patient's performance must be 
interpreted in the light of the scores of a normal control group. 
"The professional man's idea of the average intelligence is colored 
by his preoccupation with the abstract and academic, and by the 
fact that his intimacy is mainly with others in the professional 


community whose preoccupations, interests, and abilities are of 


the same kind as his own. 
244 


Figure 1 Problems from a performance test (top line) and attempted 
solutions (bottom line) by a person not in any way classed as feeble-minded. 
A pattern in cardboard was placed before the subject, and left there while 
he tried to duplicate it, using two or more identical wooden triangles. Each 
of the hatched diagrams shows a subjects placing of the blocks in an attempt 
to duplicate the pattern immediately above (by B.G., female, thirty years of 
age, a ‘normal control subject’ convalescent after appendicitis). A fairly 
large proportion of the adult population will make such errors, and have 
difficulty in seeing how to change the placing of the blocks when told that the 
solution is not correct. 


How is a normal control group to be chosen? Despite some re- 
cent discussion making this an esoteric question, almost impos- 
sible to understand, the desiderata are comparatively simple. 
There might be no need of a control group if one could compare 
the patient’s scores after brain operation with his scores before 
anything was wrong with his brain; all one can get, however, is a 
pre- and post-operative comparison, which must be a different 
matter. The condition for which he is being operated on must 
itself affect his scores, and in fact the operation quite often causes 
arise in score. The purpose of the control group, then, is to let us 
know as far as possible what the brain-operated patient would 
have done if his brain had remained healthy and undamaged. 
This tells us what to look for in a control group. The object is to 
find persons who are like the patients being studied in every way 
that, as far as one knows, affects intelligence-test scores, except in 
ur one respect, that the normal control subjects have undamaged 

rains. 

Now test scores are related to education, social background, 
and occupation — a concatenation that can be summarized as the 
factor of sophistication. Scores are also affected by age, rising to a 
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peak in the teens and declining (for almost all tests) after the — 
twenties. These are the correlates of intelligence in normal per- 
sons, as far as they are known at present; if they are controlled, 
one can estimate, by comparing clinical and control groups, the 
degree and kind of impairment that results from brain damage; 
but if they are not controlled this is not possible. It is not possible 
to show that brain damage affects intelligence, by the use of a 
control group that is made up of hospital employees, or college 
students, or clerical workers, when the clinical group include 
truck drivers, farmers, and unskilled laborers — persons who are 
apt to have been long away from clerical work, with a lower 
average level of education. It is not possible to compare a man 
who went to high school ten years ago with a student now in high 
school. If the clinical subjects are older adults, or less sophisti- — 
cated, they are bound to have lower scores than the normal sub- — 
jects. 

These considerations are what should determine the nature of 
the normal control group. One must then go farther, and use 
clinical controls, if one wishes to know not only that a certain 
kind of injury produces intellectual defects but also whether it 
produces more defect than some other kind of injury. If one 
wanted to show that frontal-lobe damage is more serious than 
damage elsewhere in the brain, one would use two groups, à 
frontal-lobe group and a parietal, temporal, occipital group, But 
note this: everything that was said above about making the nor- 
mal group equivalent to the clinical group is equally necessary 
in the comparison of two clinical groups. They must be the same 
in age, in sophistication, and, in addition, in the size and type of 
lesion. 


Differences Between Early and Late Brain Injury 


The study of brain operations in human patients has not so fat 
provided the data that would allow one to be very definite about 
the way in which higher functions are related to special parts © 
the cerebral cortex; but it has raised one problem that gives us 4 
valuable lead concerning the nature of intelligence. The problem 
has been referred to already — it arises from the discovery that an 
IQ of 160 or higher is possible after the removal of one prefront 

lobe or an IQ of 115 after hemidecortication, and from the fre- 
quency with which above-average scores are reported after cor- 
tical injury in any except the speech area. It appears possible: 
however, that similar damage to the infant brain has a much 
greater effect on the subsequent IQ. This possibility suggests 8 
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clue to the nature of adult intelligence and suggests a distinction 
between two quite different meanings of the term ‘intelligence’ — 


a distinction that may help to resolve current theoretical disagree- 


ments. 

The average IQ after brain operation, in all cases in which an 
IQ was reported up to the end of 1941, was 108 — at least 8 points 
above the normal adult average, which is probably well below 100 
according to the U.S. Army data of 1917 and Weisenburg, Roe, 
and McBride's (1936) data. When brain damage is traumatic or 
pathological, instead of surgical, there are also frequent indica- 
tions that on certain kinds of test (on which the Stanford-Binet 
IQ is mainly based) the patient's score is not much lower than it 
would have been had the brain damage not occurred. These 
data are given in more detail elsewhere (Hebb, 19424). But in 
practically all such cases the use of other tests shows that there is 
a definite intellectual loss. That is, some tests such as the Stanford- 
Binet show little sign of a loss of intelligence, others show much 
greater loss. There are then two kinds of test material, or two ex- 
tremes in test content that shade into one another. The same 
picture appears when older adult subjects are examined: some 
(Binet type) tests show no deterioration due to advancing age; 
others show a marked deterioration; and most tests fall some- 
where between the two extremes. 

The Binet IQ is determined by the use of a composite test, and 
it amounts to an average level of performance in a miscellany of 
tasks. It is mainly verbal, however, and mainly involves a kind of 
problem to which the answer is rather obvious, to the subject who 
can solve it at all. Tests of intelligence may also consist of non- 
verbal tasks, and puzzle-like tasks — ones that require an effort 


and have to be worked out logically. Analysis of the test scores _ 


made after brain operation, when aphasia is not present, indicates 
that it is the first of these two kinds of task that is little affected 
by brain damage, the second that is much affected. The IQ shows 
little effect of brain damage outside the speech areas because it is 


mainly based on ‘Binet-type’ tasks. These consist particularly of 


tests of vocabulary, information, digit repetition, digits backward, 


5i 


i. 


understanding of the meaning of fables or proverbs, and certain 


problems of a familiar kind, dependent usually on common sense 
Gn the form of a cultural sophistication). 


Now, for normal persons, vocabulary and information tests 


are among the most valid tests of intelligence, and the Binet-type 
test in general is what best predicts the subject's level of problem- 
Solving outside the laboratory or clinic, in a wide range of 
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situations. This is what presents us with our problem: how can 
they also be the ones that show the least effect of brain operation, 
and the degenerative changes of senescence? 

But we must consider at once a further fact: that in certain 
essential respects, ‘intelligence’ does not decrease after the age of 
twenty or thirty, and the brain-operated patient very frequently 
demonstrates an unimpaired level of functioning in his daily occupa- 
tions. The patient with an IQ of 160 after prefrontal lobectomy 
graduated with honors in his arts course and went on to do well 
in medical school; the patients with half the cortex removed 
clearly did not act in any respect like the Seebleminded, in their 
daily affairs. Certain intellectual capacities are well retained by 
the patient; in some respects, the prediction made by the Binet- 
type test is valid. The puzzle is not why the Binet suddenly loses 
its diagnostic value, after brain injury: but why an important part 
of intelligence is little affected by the injury. The fact that it is not, 
at once suggests that this part of intelligence is not directly corre- 
lated with the integrity of the brain; and, since the problems in 
which ‘intelligence’ is unimpaired are in general those with which 
the patient is familiar, a further suggestion is that part of intelli- 
gence is a product of experience. 

An idea of this sort led to the examination of the effects of early 
brain injury (with the help of Dr Heinz Werner); the results, in 
short, indicated that any damage to the infant brain would affect 
later performance on vocabulary tests, information, and the like 
at least as much as performance on other tests. The situation 
apparently is this. Unless every known case of large damage to 
the infant cortex is a case of speech-area damage (a most improb- 
able situation), destruction of tissue outside the speech areas will 
prevent the development of verbal abilities, but the same de- 
struction may not greatly affect these abilities once development 
has occurred. AM 

The evidence for this interpretation is not perfect, but it is 
rather strong. The one flaw appears to be the possibility that the 
known cortical-type birth-injury population is made up pre- 
dominantly or entirely of patients with speech-area lesions. It 15 
conceivable that when palsy is not present only speech-area cases 
are detected — that all the ‘exogenous’ cases of mental deficiency 
are discovered because of damage to this particular cortical area 
alone. But against this possibility is the fact that cases of palsy, 
presumably detected because of it, also have the low verbal test 
scores characteristic of other birth-injury cases. The twelve cases 
reported by Doll, Phelps, and Melcher (1932) showed marked 
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vocabulary retardation. The low vocabulary score of the birth- 
injured is not due to deficient opportunity to learn the meaning 
of words — a conclusion supported by the almost identical re- 
tardations of vocabulary and digit-repetition scores reported by 
Doll, Phelps, and Melcher. Further, Doll (1933) reported that 
there is no correlation of speech defect and IQ in the birth-in- 
jured. 

It appears, therefore, that an early injury may prevent the de- 
velopment of some intellectual capacities that an equally exten- 
sive injury, at maturity, would not have destroyed. To complete 
the picture, it should be said again that this relationship does not 
hold — at least not to the same degree — for all intellectual capa- 
cities; and sensory and motor capacities after damage to the in- 
fant brain tend to reach a higher level than that attained after 
destruction of the same regions at maturity. 

How are we to understand the first type of capacity in the adult, 
the one that is not greatly affected by brain damage at maturity? 
Psychologically, the matter might be put this way. The actual 
modifications of behavior that occur in intellectual development 
are from one point of view qualitative; faced with a complex 
situation, the more intelligent subject sees it in a different way, 
and makes a different response — not more responses, or re- 
sponses that take more effort. The chief intellectual effort, in such 
behavior, is demanded on the first occasion on which the new 
way of seeing the situation occurs. Learning to solve a problem 
usually demands more effort than solving other problems of the 
same kind on later occasions when one has discovered the prin- 
ciple involved. The same is often true of perception, whether one 
is solving a formal problem or not; once one has seen a certain 
relationship in a picture, or heard it in music, it may take no 
effort to find it again in similar pictures or music. This perception 
of relationships is essential in problem-solving, and one would 
steadily accumulate an increasing stock of such ways of seeing 
andattacking problemsituations, as age advances; so, in a familiar 
field, the fifty-year-old may be definitely more ‘intelligent’ (as de- 
fined by the problems he can solve) than a twenty-year-old. At 
the same time, the problem that requires a radically new approach, 
new ways of perceiving, is not likely to be solved by the older man 
With his shrunken brain. The difference in the demands that are 
made by different professions, or different fields of investigation, 
would account for the fact that some fields are characteristically 
the domain of young men, others of the middle-aged. We cannot 
simply generalize, and say that intellectual capacity, objectively 
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defined, decreases from the age of twenty-five onward. Some 
capacities do; others do not. ; 
Physiologically, the matter may be put as follows: some types. 
of behavior that require a large amount of brain tissue for their 
first establishment can then persist when the amount of available 
tissue has been decreased. This of course is consistent with the | 
theory of cell-assemblies that has been presented in this mono- 
graph. It has been postulated that, with the enlargement of syn- 
aptic knobs, the number of fibers necessary for transmission 8 
the synapse decreases. In the first establishment of an assembly: 
then, more fibers are necessary than for its later functioning. 

Also, it has been said that there is a possibility of ‘short 
circuiting’ in the phase sequence so that, after a phase sequen 
has been well established, some assemblies may no longer be 
necessary to it. If brain injury occurs in a limited region of thi 
brain, it would presumably remove a small number of trans 
mission paths from each of a very large number of assemblies: 
These assemblies might still function, though they would have 
smaller safety margins and therefore would function less reliably- 
In other assemblies, the loss might be great enough to prevent 
any functioning; but a phase sequence in which some of these 
assemblies were originally essential might later short-circuit them: 
and produce the same ultimate insight or understanding of the. 
situation, though some of the steps of inference would have been 
omitted. 

Visual stimulation may have been involved in the formation 
of some concept, and yet not be necessary to its later arousal: 
Thus the congenitally blind would be incapable of insights and 
understanding possessed by those who have become blind i 
having had vision. In the same way, an area-18 lesion might Pr 
vent certain ‘visual’ assemblies from functioning. These may 
have been originally necessary, as a connecting link, in the "1 
tablishment of connections between other assemblies, constitu 
ing a particular conceptual activity; but once the connections 
established, the connecting link may not be needed any longe 
The same area-18 lesion in infancy thus might prevent a C0% 
ceptual development but not destroy it at maturity. , 


The Two Meanings of ‘Intelligence’ 


The clinical evidence has indicated, in effect, that there are p 
components in intelligence-test performance and in any intellige i 
behavior. One is diminished immediately by damage to the bra! 
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and amounts to a factor of heredity; one is related more to experi- . 


ence, consisting of permanent changes in the organization of 
pathways in the cerebrum (in the present theory, these changes 
are the establishment first of assemblies of cells, and secondly of 
interfacilitation between assemblies). The hereditary factor is 
essentially the capacity for elaborating perceptions and concep- 
tual activities; the experiential factor is the degree to which such 
elaboration has occurred (and particularly, when we speak of 
intelligence, the conceptual elaboration that is not specific to one 
occupation or situation, but that enters into many human activi- 
ties; concepts of number, of causal relations, of common human 
behavior, and so on). 

From this point of view it appears that the word ‘intelligence’ 
has two valuable meanings. One is (A) an innate potential, the 
capacity for development, a fully innate property that amounts to 
the possession of a good brain and a good neural metabolism. The 
second is (B) the functioning of a brain in which development has 
gone on, determining an average level of performance or compre- 
hension by the partly grown or mature person. Neither, of course, 
is observed directly; but intelligence B, a hypothetical level of 
development in brain function, is a much more direct inference 
from behavior than intelligence A, the original potential. (I 
emphasize that these are not two parallel kinds of intelligence, 
coexistent, but two different meanings of ' intelligence.) It is true 
that estimating intelligence B requires a summation of observa- 
tions of behavior in many different situations, at different times; 
however, if we assume that such an estimate is possible, what we 
actually know about an intelligence-test score is that it is primarily 
related to intelligence B rather than intelligence A. The relation- 
ship to A is less direct. 

Most of the disagreement in recent years over the nature of 
‘intelligence’ concerns the relation of A, innate potential, to B, 
the estimated level of functioning at maturity. If A determines B 
fully, ‘intelligence’ is a matter of heredity and maturation only; 
the IQ is not dependent on experience. But if intelligence A is 
only one of the conditions of intelligence B, not the sole determi- 
nant, what then? Intelligence 4 is still hereditary, and it would 
not be true to say that ‘intelligence’ (without qualification) is in- 
fluenced by experience: only intelligence B is so affected. 

The dispute in the current literature has arisen, I believe, 
partly because of the double reference of the term ‘intelligence’ 
and partly because it has not been realized that if the effects of 
early experience are more or less generalized and permanent one 
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can concede a major effect of experience on the IQ, and still 
leave the IQ its constancy and validity as an index of future per- 
formance. 

An innate potential for development is not logically a guaran- 
tee that the development will occur. There is in fact an over- 
whelming body of evidence to show that experience is essential 
to the development (the original potentiality is of course equally 
essential). Binet himself assumed the necessity of adequate ex- 
perience in the subject to be examined by his method; the con- 
tent of intelligence tests still makes this a necessary precondition; 
and all psychologists recognize that one cannot compare the in- 
nate intelligence of subjects from two different cultures: experi- 
ence affects their IO's to an unknown degree. Why then should we 
object to the idea that enriching an inadequate environment will 
raise the IQ, as Stoddard and Wellman (1940) and others have 
urged? 

Some of the objection, certainly, may be occasioned by 4 
faulty use of evidence and be due to the impression that the case 
for an environmental influence on the IQ has been overstated. 
But the roots of the objection, I believe, are to be found in certain 
ideas about the nature of learning. It is apt to be assumed that 
learning is more or less specific to particular situations; that what 
is learned can always be forgotten; or that if something can be 
learned in infancy it can also be learned at maturity. Assuming 
the truth of such propositions, one might then think as follows: 

*If the IQ has any great dependence on learning it must fluc- 
tuate easily; it might be raised from 100 to 150 in the adult, or 
might fall from 100 to 70 if a child is removed from school and 
other stimulating influences. But the IQ does not in fact behave 
so — therefore learning does not contribute to it. It must be 
hereditary, because it is so stable.’ 1 

However, there are definite limits to the ‘constancy’ of the IQ; 
and most of the facts that seem to show that it is hereditarily 
determined would be accounted for if we assume that heredity 
only sets a limit to the IQ, and assume also that early learning 
tends to be permanent, that it has generalized transfer effects: 
and that it is not specific to particular situations. That early learn" 
ing has such properties has already been suggested, in the firs 
part of Chapter 6 [not reproduced here]. I wish now to report 
some preliminary experiments with the rat, which seem to show 
that some aspects of this animal’s intelligence at maturity are 2 
function of his early experience. If this principle can be establish? 
by means of animal experiment, we can then see how it would 
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applied to the known facts of human intelligence and intelligence- 
test performance. 


Experiment: Infant Experience and Adult Problem-solving 
When we test human intelligence, we always assume that the 
subject has had a certain body of experience common to all *nor- 
mal' children in the community, the experience whose lack may 
invalidate comparison of the innate potential of subjects from 
different communities. Apart entirely from controversy about the 
effect of special experiences on the IQ, we are all agreed, in this 
sense, on the effect of a certain kind of experience (which is not, 
however, well defined). 

One purpose of the experimental work briefly described here 
was to find out more about how the ordinary experience of in- 
fancy affects mature behavior. It was not certain that such 
effects could be found in rat behavior, even if they exist for man; 
but if one could find some trace of them in rat behavior their 
nature could be investigated much more easily in a species that 
reaches maturity in three months than in one that takes fifteen 
years. Also, the clinical evidence reviewed in this chapter has 
indicated that the effect of early experience is not found equally 
in all forms of behavior. Accordingly, these were exploratory 
experiments, with the main object of establishing the existence of 
some lasting effect of early experience on the later problem- 
solving of the rat. The first explorations gave wholly negative 
results, but they have the value of showing that some behavior 
is not affected by early experience; that is, they serve to delimit 
the effect. 

In the first part of the study, one group of 7 animals were 
blinded in infancy, and a group of 7 littermates were blinded at 
maturity. Both groups were handled frequently, and were al- 
lowed daily to run outside their cages in a large space in which 
there were a number of objects. The question asked was this. 
Would the group with vision during growth learn something 
about finding their way around that they would retain after being 
blinded at maturity? Would this affect their behavior perman- 
ently, in other situations than those in which their visual experi- 
ence occurred? 

At the age of five months — two months after the second group 
were blinded — the rats were trained to find food in one of four 
containers in an open field. Two hundred trials were given, and 
the learning was not complete for most of the animals in this 
time — so this presumably is to be classed as rote learning rather 
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than insightful. A second period of training in a similar task also 
appeared to give rote learning, and in neither could any significant 
difference be found between the two groups, early- and late- 
blinded. y 

At this point, however, a chance observation suggested the 
possibility that an ‘intelligence test’ for the rat might reveal 
differences between the groups. Although the test had been meant 
for normal animals, it might work with the blind as well. r 

The test showed a clear difference between the groups. By this 
time the experiment was being done with only 3 late-blinded 
animals and 4 early-blinded, a small number for statistical sig- 
nificance. However, there was no overlap of scores in the two 
groups — all 3 late-blinded were better than all 4 early-blinded, 
which is certainly significant. 1; 

Before repeating and confirming this result, it appeared profit 
able to explore further. The effect of vision during development; 
on the behaviour of rats after being blinded at maturity, Wa$ 
great; would other variations of experience also have effects that 
could be detected by this — apparently sensitive - method of test 
ing? The obvious experiment was to compare rats reared 1n 
ordinary small cages with others that had had the run of a wider 
environment. Two litters were taken home to be reared as pet$ 
a first group of 3 (after 1 mortality at home) and a second group 
of 4. They were out of their cages a good deal of the time and 
running about the house. While this was being done, 25 cage- 
reared rats from the same colony were tested. 

When the pet group were tested, all 7 scored in the top third 
of the total distribution for cage-reared and pets. More impo 
tant still, the pets improved their relative standing in the last 1 
days of testing, following 10 days of preliminary training, and]. 
days of testing (a total of 21 tests was used). One explanation © 


1. The experiments described in this section are now being repeated and 
carried further by B. Hymovitch and H. Lansdell, and will be reported Ë 
detail later. The method has been considerably improved since the nd 
report of Hebb and Williams; it will be described in detail in a sepas 
publication. The essential features of the method are: (1) 10 to 14 dux 
preliminary training gets the animal used to handling, to the test situa! co 
and to daily changes in the route he must take to food, and teaches P» 
where the food is to be found (its position is constant throughout); a 
the test itself is a series of 20 to 24 separate problems, each relatively ©, 
for the seeing rat; he is given between 6 and 10 trials with cach, and ^ 
Score is the total number of entries into error zones. eal 

2. Grateful acknowledgments are due to the Misses Jane and pll 
Ho ages seven and five, for their enthusiastic assistance in the investi? E 

ion. 
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the better scores of the pets is just that they were tamer, more 


used to handling, and less disturbed by testing. But, if this were 


so, the longer the cage-reared animals were worked with the - 
closer they would come to the pet group, as the cage-reared be- 
came tamer with prolonged handling. On the contrary, the pets 
improved more than the cage-reared. This means that the richer 
experience of the pet group during development made them better 
able to profit by new experiences at maturity — one of the charac- 
teristics of the ‘intelligent’ human being. Furthermore, a measure 
of motivation and tameness in the cage-reared was available, 
and the correlation of this with the test score was negligible 
(0-13 + 0-19). 

These results show a permanent effect of early experience on 
problem-solving at maturity: *permanent', because, in the first 
experiment with early- and late-blinded, visual experience that 
ended at three months of age had marked effects at eight months 
of age (a long period in the life of a rat); and because, in the 
second experiment, the pet group improved its standing com- 
pared to the others as experience increased. Differences of early - 
experience can produce differences in adult problem-solving that 
further experience does not erase. 

These preliminary results are already being confirmed by more 
elaborate experiments now going on, and a principle is estab- 
lished that, first, is fully in accord with other evidence showing 
lasting and generalized effects of early experience and, secondly, 
clarifies the interpretation of existing data concerning human 
intelligence-test performance. 


The Nature and Nurture of Intelligence 

Actually, some of the data on normal human intelligence (as well 
as the clinical data) allow only one interpretation, namely, that 
there is a major effect of experience on the IQ. One difficulty in 
accepting this interpretation is that it may seem to deny the 
validity of the intelligence-test method. But, if the principle of a 
lasting and generalized effect of early learning is accepted, not 
only on the IQ but also on the everyday problem-solving of the 
adult, the validity of the intelligence-test method may be extended, 
not reduced. It is common to say that an intelligence test is not 
valid when given to a foreigner or a Negro. Not valid in what 
sense? as an estimate of innate potentiality, of intelligence A. It 
may be quite valid, on a purely empirical footing, for estimating 
intelligence B — the actual level of comprehension, learning, and 
Problem-solving in this culture. Separating these two meanings of 
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‘intelligence’ allows one to show where the test is valid, as well 
as where it is invalid. 

Look closer at this question of the relationship between tn 
score and culture. It is agreed by psychologists that the IQ's o 
different peoples should not be compared, since intelligence tests 
are culture-loaded and not equally fair to subjects from different 
cultures. Now it is quite clear from the context of such discussion 
that the ‘unfairness’ lies in estimating a subject’s hereditary €n- 


dowment. Negroes living in the United States make lower average ` 


scores on intelligence tests than whites do, but we cannot COD". 


clude that the Negro has a poorer brain than the white. Why? — 


Negro and white speak the same language, are taught in the same 
curriculum and sometimes in the same schools, work at the same 
plants, and on the whole intermingle very freely. Why then does 
the Negro's IQ not have the same meaning as a white man s? 


Because Negro and white do not have the opportunity to learn tO 


speak the language with equal range and accuracy, are not usually 
taught in equally good schools, and do not have equally good 
jobs or equal exposure to cultural influences that usually require 4 
fairly good income. " 
All this we can accept; but when we do so we must recognize 
that we have completely undermined the argument that differ- 


ences of IQ among white, native Americans are determined by 
heredity. 


In what respect does the argument, concerning the Negro's IQ 
and his innate endowment, differ for the poor white in the South 
and the white tenement dweller in the North? They do not have 
opportunity to acquire the same vocabulary, are often taught in 
poor schools, do not get good jobs or have good salaries. The eX- 


. tent of this influence of experience is quite unknown; conceivably, 


it is small; but one cannot argue that Negro and white IQ's 
cannot be compared, and at the same time that those of white 
and white can be, when the white subjects have different soct 
backgrounds. The IQ can be trusted as an index of intelligence 
only when the social backgrounds of the subjects compared ar? 
identical; and this adds up to the proposition that we cannot in 
any rigorous sense measure a subject’s innate endowment, for no 
two social backgrounds are identical and we do not know wha! 
the important environmental variables are in the development © 
intellectual functions. Intelligence A may sometimes be est 
mated, but it cannot be measured. d 
Intelligence in sense B is a different matter. We know, beyon 
dispute, that the adolescent with generally low intelligence-tes 
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scores, whether Negro, poor white American, or foreigner, is a 
poor prospect for college training, or training as a mechanic, or 
Army officer, or dress designer. The inability to determine intel- 
ligence A from a test score should not blind us to the fact that a 
foreigner’s intelligence B can be estimated, as far as its operation 
in this culture is concerned. 

To be a bank manager, an airplane pilot, a mathematician, a 
secretary, or a surgeon requires a certain common conceptual 
development that must occur in this or a closely related culture, 
and in childhood mainly; and intelligence tests on the whole can 
provide a rather good index of the extent to which that develop- 
ment has occurred. No other interpretation seems possible of the 
differences, both in educability and in intelligence-test scores, of 
first- and second-generation immigrants. Supposing that both 
have an adequate nutrition, father and son must have on the 
average the same intelligence 4; the son very often has a much 
higher intelligence B. 

The nature of the cultural environment that is necessary to 
this conceptual development cannot be described accurately. It 
does not necessarily consist of a formal schooling, and it may be 
present in spite of poverty. In general, one might guess, it con- 
sists of an exposure to ideas, to books, and to intelligent conver- 
sation; the opportunity to acquire common technical knowledge 
and skills; and exposure to persons with social skills, who are 
good at getting along with other persons. Besides being a guess, 
of course, such a statement is pretty vague and shows rather 
clearly how much we cannot say about the matter. Also, we have 
no way of knowing what ceiling there is on this environmental 
influence, at what age it is greatest, and so on. Such questions 
can be answered only by further research. 

Our information at present is scanty, almost entirely natural- 
istic rather than experimental in origin. Neff’s (1938) review will 
show the interested reader how definite the evidence is that en- 
vironment has a major effect on the IQ. Identical-twin data, for 
example, are commonly supposed to have shown that heredity is 
the only major determinant of ‘intelligence’. In none of the 
studied pairs, however, was one twin brought up in an entirely 
favorable environment, one in an entirely unfavorable environ- 
ment; usually they were brought up in about the same stratum of 
Society, so that similar IQ’s may be the result of similar environ- 
ment, a similar heredity, or both. 

Whatwereally want, asevidence on this point, isonetwin brought 
up in a good home, with books, toys, kindergarten training, and 
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plenty of exposure to intelligent adults; the other brought up 
by illiterate, poverty-stricken, anti-social mouníaineers with low 
IQ's: then test their intelligences at maturity, and try making 
doctors, or politicians, of both twins. When this is done, and 
when it has been shown that the twin with a poor environment 
(for the first fifteen years of life) can with time become as good. 
a diagnostician or committeeman as his genetically identical 
brother, it will then be in order to say that the factual evidence 
shows that ‘intelligence’ and the IQ are without any major effect 
from experience; not before. y 
If the Iowa studies (Stoddard and Wellman, 1940) are dis- 
trusted, the studies of Gordon, Asher, and Jordan, among others 
reviewed by Nef, all tell the same story. The constancy of the 
IQ is the main argument for its being determined by heredity; 
but the fact is that the IQ is not constant — it is stable, and 
changes slowly, and more and more slowly as maturity is ap- _ 
proached, so that the IQ of the adult may be constant (though 
there are few data on long-term comparisons even here). But 
prediction of the adult IQ, in infancy, is more accurate on the - 
basis of the parents' IQ's than on that of the infant himself; from 
an IQ at the age of five, prediction of the IQ at twelve is about 20 
per cent better than chance prediction, very little better than can 
be done from knowing what kind of home the child is growing up- 
in. 1 
There are then two determinants of intellectual growth: a 
completely necessary innate potential (intelligence A), and a com- 
pletely necessary stimulating environment. It is not to the point 
to ask which is more important; hypothetically, we might sup- 
pose that intelligence will rise to the limit set by heredity or en- 


. - vironment, whichever is lower. Given a perfect environment, the 


i 


inherited constitution will set the pace; given the heredity of à 
genius, the environment will do so. J 
The essentials of this environmental influence cannot be speci- 
fied. Though we know that wealth, prolonged schooling, or in 
telligent" parents (that is, with intelligence B) are not essential 
these things all may contribute. Since the guess has been made 
that the essential is exposure to intelligence B, it is presumably 
true that the child must either have intelligent parents or intelli- 7 
gent acquaintances and teachers. Schooling also is becoming - 
more and more necessary to an understanding of adult problems 
in this society; and a certain amount of wealth, of freedom from 
economic pressure, may be quite necessary to full intellectu 
development. The fact is, however, that we know almost nothing 
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specific about the matter. The country may be full of potenti; 


geniuses, for all we know, and it should be a pressing concern fo: 
psychology to discover the conditions that will develop whatevei 
potentialities a child may have. oen 
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The Evidence for the Concept of Intelligence 


Abridged and revised by the author from * The evidence for the concept 
of intelligence’, Brit. J. educ. Psychol., vol. 25 (1955), pp. 158-77. 


I The Non-statistical Evidence 
Current criticisms 


The concept of ‘intelligence’, and the attempt to measure in- 
telligence by standardized tests, have of late become the subject 
of attack from several different quarters. The objections urged are 
partly practical and partly theoretical. Yet few of the critics show 
a clear or correct understanding of what the term really designates 
or of the reasons that led to its introduction. Two misconceptions 
are widely current. Writers who are chiefly interested in the more 
practical issues declare that intelligence ‘is a popular and 
relatively unambiguous word’, and denotes a quality that ‘all can 
recognize, though few can define’: as such it is ‘too elusive to 


. Measure’. Hence, instead of pinning I.Q.s on to the coat of each 


child, we ought, so they tell us, to leave all such decisions to the 
intuitive insight of the teacher. Writers who discuss the more 
technical aspects of the subject seem for the most part to suppose 
that the concept, if not the name, was invented by a small band 
of statistical enthusiasts — one critic mentions Spearman, Pearson, 
and myself — who deduced their theories by primitive factorial 
procedures that have since been *publicly discredited’: the more 
accurate methods of Thurstone and his American followers, they 
Say, have since clearly shown that the intellectual achievements of 
different individuals are the product, not of a single general 


factor, but of a number of more specialized ‘primary abilities’. 
And this at once accounts for 


the difficulty that besets all at- 
tempts to produce an agreed definition. As Captain Kettle ob- 
served, when asked why the pictures of the Saghalien sea-serpent 
showed such incredible differences: * *Spects it's because there's 
no such crittur"; so each just draws his fancy.’ 


The definition of intelligence 


Most of the critics who protest about “the spate of incongruous 
definitions’ rest their complaint on the results of the famous 
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Symposium organized some twenty years ago.! The editor of an 
American journal submitted two searching questions about the 
nature of intelligence to a dozen differing psychologists, and re- 
ceived a dozen different replies. But the varying descriptions sug- 
gested were not (as is commonly supposed by those who still 
quote them) intended to be ‘definitions’ in the strict logical sense; - 
they were, in the language of J. S. Mill, merely *attempts to ex- 
plain the thing', not *attempts to interpret the word'. As the 
editorial letter shows, the purpose of the discussion was primarily 
a practical one- to determine how intelligence appears to operate, 
with a view to ascertaining *what material may most profitably 
be used in constructing tests’. But that is a separate question, and, 
except incidentally, will not concern us here. The questions I now 
want to settle are prior to all these: namely, (i) how precisely is the 
word to be defined, and (ii) what evidence is there for believing 
that something really exists corresponding to the definition pro- 
posed? Instead of taking the term for granted and hunting round 
for a plausible formula, as is most frequently done, a sound 
scientific procedure requires us to start with the relevant facts: 
so let us take the second of our two questions first. 


History of the concept 

Many of the current criticisms spring largely from a manifest 
ignorance as to how the concept originated. A glance at the 
earlier literature is, therefore, necessary first of all.? As a brief 
historical review will show, long before the advent of statistical 
analysis several converging lines of evidence had already drawn 
attention to an important property of the mind, for which some 
special name seemed desirable. 


(1) Observational. The earliest attempts to analyse and classify 
mental activities were based partly on the observation of various 
types of person in everyday life and partly on introspection. Plato, 
to whom we owe the basic distinctions, drew a clear contrast be- 
tween ‘nature’ and ‘nurture’, and then distinguished three ‘parts’ 
or aspects of the soul (Republic 435A f.). The modern terms - in- 
tellectual, emotional, and moral — cognition, affection, and cona- 
tion — suggest rough but somewhat inexact equivalents for his 


1. ‘Symposium on Intelligence and its Measurement’, J. Educ. Psychol., 


12, 1921, pp. 123-47 and 195-216. f Ay 
2. A more detailed account will be found in my ‘Historical Sketch’, 


which forms the first chapter of the Board of Education Report on Psycholo- 
gical Tests of Educable Capacity (pp. 1-61). 
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untranslatable expressions. In a celebrated passage (Phaedrus, 
253D) he sketches a picturesque analogy which conveys a better 
notion of the fundamental difference: the first component he 
compares to a charioteer who holds the reins, and the other two a 
pair of horses who draw the vehicle; the former guides, the latter 
supply the power; the former is the cybernetic! or directive ele- 
ment, the latter the dynamic. ‘Intelligence,’ said Sully, ‘steers like 
a rudder; emotion and interest supply the steam.’ 

Aristotle makes a further contribution. He contrasts the actual 
or concrete activity with the hypothetical capacity? on which it 
depends, and thus introduces the idea of an ‘ability’. Plato's 
threefold classification he reduces to a two-fold. For him the main 
distinction is between what he calls the *dianoetic' (cognitive or 
intellectual) capacities of the mind and the ‘orectic’ (emotional 
and moral). Finally, Cicero, in an endeavour to supply a Latin 
terminology for Greek philosophy, translated Aristotle's term for 
‘capacity’ by facultas, and ‘orexis’ by appetitio (or sometimes 
conatus) respectively, while to designate dianoia he coined a new 


pound ‘intelligentia’ (inter-legentia), 


Here then we have the origin of both the concept and the name. 

. So far from being a ‘word of popular speech', whose meaning 
has been restricted and distorted by the modern psychologist, in- 
 telligence is a highly technical expression invented to denote à 
highly technical abstraction. From Aristotle and Cicero it de- 
scended to the mediaeval schoolmen, and the 


scholastic theories 


in turn became elaborated into the cut-and-dried schemes of the 


faculty psychologists and their phrenological followers. 


intelligence as a unitary entity* was *a gift to psychology from 
biology through the instrumentality of Herbert Spencer’, Follow- 
ing Aristotle and the later Scottish school, Spencer recognized 
two main aspects of mental life 


ni - the cognitive and the affective. 
All cognition (he explains) invol 


ves both an analytic or discrimi- 
rative process; and its essential 
m to adjust itself more effectively 
8 environment. During the evolu- 
1. As those who are familiar with the recent development of ‘cybernetics’ 


will be aware, the Greek noun (from which our own word ‘governor’ İS 
derived) means ‘a Steersman, or director’. 


2. De Anima, IL, 3, 414a, 31. Eth. Nic., I, 13, 18, 1102b, 30. The usual 
rendering ‘power’ must not be taken to imply causal agency: Aristotle 


is simply describing what Professor Broad has called a ‘disposition 
property’. 
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tion of the animal kingdom, and during the growth of the 
individual child, the fundamental capacity of cognition *progres- 
sively differentiates into a hierarchy of more specialized abilities’ 
— sensory, perceptual, associative, and relational, much as the - 
trunk of a tree sprouts into boughs, branches, and twigs. To — 
designate the basic characteristic he revived the term *intelli- - 
gence’.1 Evidence favouring Spencer's somewhat speculative - 
theories was adduced by Lloyd Morgan and other pioneers of — 
comparative psychology; and his views on intelligence were ac- _ 
cepted, not only by British biologists like Darwin, but also by - 
continental writers like Binet and Claparéde, and more recently | 
by Piaget.? Mendel’s earliest disciples maintained that his whol 
doctrine of unit-characters was utterly irreconcilable with the in: 
heritability of a graded trait, such as intelligence; but, as we shall 

see in a moment, the later developments of the Mendelian hypo- - 
thesis not only permit it, but actually suggest it. 1 


(3) Physiological. The clinical work of Hughlings Jackson, the - 
experimental investigations of Sherrington, and the micro- 
scopical studies of the brain carried out by Campbell, Brodmann, - 
and others, have done much to confirm Spencer's theory of a 
‘hierarchy of neural functions’, with a basic type of activity de- 

veloping by fairly definite stages into higher and more specialized 

forms. In particular, the examination of the cortex, both in men- 

tal defectives and in normal persons, suggests that the quality of 

the nervous tissue in any given individual tends to be predomi- 2 
nantly the same throughout. Defectives, for instance, exhibit a 
‘general cerebral immaturity’; their nerve-cells tend to be ‘visibly i 
deficient in number, branching, and regularity of arrangement in. 
every part of the cortex’. After all, as Sherrington himself ob- | 
Serves, much the same is true of almost every tissue of which We 
human frame is composed — of a man’s skin, bones, hair, or E 
muscles; each is of the same general character all over the body, ; 
although minor local variations are usually discernible. In E 
adult human brain marked differences in the architecture of dif- D 
ferent areas and of different cell-layers are perceptible under the — 


microscope; and these specializations emerge and develop pro- - 


gressively during the early months of infant life. And, of course, : 
Such differentiation is precisely what the Spencerian theory would | 


entail. The earlier histologists, Whose maps of the brain still | 
figure in elementary textbooks of physiology as Sholl and others - 


1. H. Spencer, Principles of. Psychology (d 870). 
2. J. Piaget, The Psychology of Intelligence (1950). 
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have recently pointed out, * greatly exaggerated the definiteness in 
the localization of different functions in the brain, and over- 
looked the enormous amount of difference between different 
human brains.’ 

The experimental study of the brain leads to the same con- 
clusion. The intact brain always acts as a whole.? No part of the 
brain functions in total isolation from the rest, as the older 
champions of cortical localization originally assumed. The 
activity, in Sherrington's phrase, is ‘patterned, not indifferently 
diffuse’; but the patterning itself ‘involves and implies integra- 
tion’. The evidence of neurology, therefore, suggests something 
very like a theory of general ability, which gradually differentiates 
into more specific functions, though we must beware of picturing 
such functions as separate ‘faculties’ located in certain centres or 


compartments of the brain, after the fashion of the older phreno- 
logists. 


on in terms of ‘general ability’ and ‘special 
0 he considered general ability to be ‘by far 
the most powerful’. ‘Numerous instances,’ he says, ‘recorded in 
this book, show in how small a degree eminence is due to purely 


the same with mental pursuits . . . Without a special gift for 
mathematics, 


a Sholl, The Organization of the Cerebral Cortex (1956), p. 21ff. 


DID 
2. K. S. Lashley, Brain Mechanisms and Intelligence (1929). 
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high degree of general ability he will never make a great mathema- 
tician.’ Much the same view was maintained by Dr Johnson. 
Robertson, the historian, had argued that it was by virtue of very 
different gifts Newton had become a great scientist, Caesar a 
sray commander, Shakespeare a great poet. ‘No,’ replied John- 
son, ‘it is only that one man has more mind than another, though 
he may prefer this matter to that. Sir, the man who has vigour 
may walk to the North as well as to the South, to the East as well 


as to the West.” 


The definition implied 

therefore, furnished strong - 
1 trait of fundamental im- 
es: first, it is a general 


These converging lines of inquiry, 
Presumptive evidence for a menta 
Portance defined by three verifiable attributi 
quality; it enters into every form of mental activity; secondly, it 

is (in a broad sense of the word) an intellectual quality — that is, it - 


characterizes the cognitive rather than the affective or conative 
is inherited or at least 


aspects of conscious behaviour; thirdly, it 

innate; differences in its strength or amount are due to differences 
in the individual's genetic constitution. We thus arrive at the 
Concept of an innate, general, cognitive ability. We cannot, how- . 
ever, keep repeating a cumbersome phrase of twelve syllables 
every time we wish to mention it. And, since a name that sug- _ 
gests its own meaning seems preferable to a brand-new esoteric 
symbol, what better label can be found than the traditional term 


"intelligence" ? 
Here then is a clearly formulated hypothesis, the outcome of 
d plausible conjecture — à 


Centuries of shrewd observation an 

Psychological hypothesis fully in accord with the findings of the 

biologist and neurologist. Nevertheless, each of the three proposi- 

tions that I have just laid down has been vigorously challenged; 

and at this point, therefore, the need for ad hoc inquiries based on 

ake rigorous experimental and statistical techniques becomes 
ain. 


IL 1. F. Galton, Hereditary Genius (1869); Boswell, Life of Johnson, Vol. 
- Carlyle defends much the same conclusion: ‘I have no notion of a truly 
ER man who couldn't be all sorts of men — Poet, Prophet, Priest, King, or 
abit you will’ (On Heroes, Lect. III. Galton's usual term was general 
d . In French, however, the corresponding word (habilité) has a 
" : erent meaning. Hence Binet, in adopting Galton's view, substituted the 
term ‘intelligence’; and, largely as a result of the wide popularity of his 
nu aisead tests? in this country, ‘intelligence’ became the more usual 
é, 
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II The Statistical Evidence 


(1) The general factor. At the beginning of the century the prob- 
lem which chiefly exercised students of individual psychology was, 
in Bain's phrase, ‘the classification of intellectual abilities or 
powers’. (i) Were there, as the faculty psychologists maintained, 
a number of specialized abilities, each independent of the rest — 
observation, practical ability, memory, language, reasoning, and - 
the like? (ii) Or was there, as Ward maintained, ‘not a congeries | 
of faculties, but only a single subjective activity’ — a genera! 
capacity for cognition as such? (iii) Were there, as Galton? be- 
lieved, both a general ability and a number of more or less 
specialized capacities? (iv) Or, finally, might there be, as the - 
earlier associationists and most of the later behaviourists alleged, 
no discernible structure in the mind at all? 

Each hypothesis entailed its own distinctive corollaries; and 
Galton’s technique of correlation offered a ready-made method 
of checking them. Thus, the obvious plan for attacking such & 
many-sided issue was to devise and apply experimental tests to 
measure the main forms of mental activity, and then calculate the 
correlations between each test and the rest. If, for example, the - 
behaviourist view is right, and there is *no organized structure in 
the mind, no ground for classifying mental performances undef ` 
one or more broad headings, no basis for inferring efficiency in 
one type of activity from efficiency in another’, then we should 
expect all the inter-correlations to be zero or at least non-signifi- 
cant.” If, on the other hand, the mind consists of a number of 
specialized faculties or abilities, such as ‘observation’ (assessed 
by tests of sensory capacity), and ‘practical ability’ (assessed bY 


1, Many contemporary writers, particularly in the field of education: 
attribute the antithesis between ‘general’ and ‘special’ abilities to Spear 
man. Spearman himself, however, frankly admitted his own theories wel 
prompted by those of Galton and Spencer. However, in his earlier writing? 1 
he definitely rejected the notion of ‘special aptitudes’, as merely a relic 9' 
the discredited faculties of the older school’. : 
"2: Thomson's sampling theory, though expressed in language similar ie 
that of the “anti-structural psychologists’, leads to very different corollaries: 
The Mind,” he says, ‘has little structure: unlike the body, it is not p 
divided into distinct organs, but forms a comparatively undifferentiate® — 
complex of innumerable elements.’ These he pictures as ‘bonds’, E°, 
interconnecting neural paths: they have the same character or quality 
throughout the brain. But, so far from the effects of specific stimuli bee : 
limited to specific neural paths (as the earlier opponents of struct e 
assumed), ‘any sample whatever of these elements can be assembled in t 
activity called for by a "test". 
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tests of motor capacity), and so on, then we should expect that all 
the inter-correlations between the sensory tests would be positive 
and similarly that all the inter-correlations between the motor 
tests would be positive; on the other hand, we should expect that 
all the cross-correlations between the one group 
be approximately zero. Lastly, if there were no specific faculties at 
. all, but only ‘a single cognitive activity’ ~ ‘attention’, as Ward 
believed, *sensory discriminations' as Sully, and later Spearman, 
maintained — then we should expect the entire table of correla- 
tions to exhibit what Spearman called *a perfect hierarchical 
order', or (in the more precise language of the mathematical 
textbook) to form *a matrix of rank one’ — apart, of course, from 
minor aberrations due to sampling errors. 
The results of the earlier inquiries revealed, almost without ex- 
ception, positive and significant correlations between every form of 
cognitive activity. This disproves hypotheses (i) and (iv). Further, 


except when the sample was small and the sampling errors large, 


there were nearly always well-marked clusters of augmented corre- 
cognitive activity, and leaving 


lations confined to similar forms of £ 
significant residuals after the general factor was removed. This 
rules out hypothesis (ii). We are thus left with hypothesis (iii) 
as the only alternative consistent with the facts. And, accordingly, 
the unavoidable inference is that both a ‘general factor” and a 
number of ‘group factors’ must be at work.’ 
But we are not yet justified in identifying this abstract ‘general 
factor’ with anything so concrete as ‘general intelligence’. 
Spearman’s investigations ‘general intelligence’ was always re- 
presented by an external criterion, i.c. either by teachers’ assess- 
ments for intelligence as popularly understood, or (in later re- 
searches) by standard tests, selected as furnishing accredited 
reference values’. In my own investigations, the *general cogni- 
tive factor" formed an internal criterion, namely, what I called 


the ‘highest common factor’ in the battery of tests. And to deter- 
mine the concrete nature of such a factor, OF rather of the pro- 
Cesses that give rise to it, a supplementary investigation was used, 
based on observations and introspections, and on the correlation 


of the factor measurements with independent gradings.” 


Brit. J. Statist 

-J. . P. 1 . 98-121. i 

MCN ‘intelligence’ (as I showed in my 1909 
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Later investigators, notably Brown, Thomson, and more re- 
cently Thurstone, have argued that, if we accept the existence of 
group factors or ‘primary abilities’, we can dispense with the 
hypothesis of a general factor by assuming that the group factors 
overlap. Thurstone in his earlier researches used the same simpli- 
fied formula which I had proposed! — the so-called ‘centroid 
formula’ — but rotated the factors thus obtained so as to secure 
a ‘simple structure’ of ‘primary abilities’. But, to get a satis- 
factory fit, it was nearly always necessary to allow these ‘primary 
abilities’ (the ‘first-order factors’) to be correlated with each 
other. Later, however, he put forward a method for deriving un- 
correlated ‘second-order factors’ which should include a ‘general 
factor’ accounting for the correlations between the ‘primary 
abilities’. Thus his final scheme was practically identical with that 
which my co-workers and I had produced. In their more recent 
writings both Brown and Thomson eventually acknowledged that 
“the evidence for a general factor now seems conclusive’. Thom- 
son indeed constructed numerous booklets for testing intelligence, 
notably the ‘Moray House Tests’ which have been so widely used 
in the eleven-plus examinations.? 

Granted the existence of a general factor, what is its relative 
importance? In nearly every study of cognitive abilities among 
children of school age, it appears that the general factor accounts 


research) are markedly biased on favour 


Spearman, following Sully and the sensati 
intelligence with 


* of gravity: but that 
a arding And, in point of fact, the conflict 
can easily be reconciled if we borrow the Suggestion of the neurologists 
and suppose its function to be that of ‘integration ^, ie. organization, which 

1. C. Burt, L.C.C. Report on the Distribution and Relations of Education 
Abilities (1917), p. 53ff. Much of the wo; d 
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for about 50 per cent of the individual variability — rather more 
in the case of the younger age-groups, rather less as their age in- 
creases and special abilities begin to mature. Hence, for pur- 
poses of prediction — forecasting what this or that particular 
child is likely to achieve in school or in after-life — the general 
factor is by far the most useful, though by no means the only, 
guide. 


(2) The factor as cognitive. Merely to demonstrate the presence of 
a general factorcommon to all cognitiveactivities does not of itself 
suffice to prove that this factor is specifically cognitive. Impressed 
by this obvious ambiguity, several writers went on to argue that 
in all probability the factor common to all mental and scholastic 
activities was not cognitive but conative. Such an interpretation 
had a warm appeal for those who cherished the doctrine of intel- 
lectual equality. When a pupil lagged behindhand in nearly every 
subject, many teachers laid the blame on what Dr Ballard dubbed 
the ‘general factor of laziness’. Conversely, when a bright child 
forged ahead in all he undertook, he found himself applauded as 
à paragon of industry and held up to his fellows as a model of 
zeal; ‘genius’, said the apostles of the gospel of work, ‘is just an 
infinite capacity for taking pains’. It was partly as a result of this 
alternative interpretation that Spearman dropped his earlier 
identifications (‘sensory discrimination’ in his first paper, neural 
Plasticity’ in the second) and proposed instead a hypothesis of 
mental energy’, 

Accordingly, in our later experiments, my co-workers and I 
Correlated assessments for intellectual performances with assess- 
Ments for physical, temperamental, and moral qualities. This 
time most of the cross-correlations were still positive, but ex- 
tremely low: it seemed as if there was a small but far more com- 
Prehensive general factor — a super-factor, as it were — making 
for excellence in every direction, while the older and more con- 
Spicuous factor for cognitive efficiency now appeared simply as a 

Toad group factor, confined to cognitive activities alone: in 
Short, the so-called ‘general cognitive factor’ turned out to be 
Merely one of the largest of a number of ‘group factors” varying 
in extent and size. At the same time, another broad group factor 
merged underlying the temperamental and moral assessments: 
this was obviously identifiable with what we had previously 
Called ‘the general factor for emotionality’. No sharp division, 
lOWever, was found which would separate affective (or emotional) 
Characteristics from conative (or moral. And the so-called 
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cognitive factor was found to be quite as prominent intests of prac- 
tical efficiency as in tests of intellectual activity in the narrower 
sense. In the light of this further evidence, there was no need to 
surrender the idea of a cognitive factor. But it certainly appeared 
necessary to revise the implications conveyed by the word cogni- 
tion. The basic contrast seems to lie, not so much between cog- 
nitive processes and non-cognitive (i.e. affective or conative) in 
the old introspective sense of those terms, but rather between the 
capacity for adapting, guiding, or directing mental activities by 
means of discriminative and integrative processes, and the capa- 
city for responding promptly, actively, and energetically. 


(3) The factor as innate. The evidence we have so far reviewed 
. seems fully to vindicate the notion of a ‘general cognitive factor’; - 
. and during recent years the most frequent target for attack has 
been, not so much the existence of such a factor, but rather the 
assumption that differences in this factor are to a large extent 
hereditary or at least inborn. The first to collect factual evidence 
in support of such a conclusion was, once again, Sir Francis 
Galton. In his earliest inquiries he relied mainly on an analysis of 
pedigrees. His aim was to show that, if a child had a genius 
among his various relatives, the likelihood that he himself would 
be a genius was enormously increased. He collected family his- 
tories for nearly a thousand ‘eminent men’ in various walks of 
life. An ‘eminent’ person was defined as the ablest in 4,000: from 
the definition, therefore, it follows that the chance that a boy 
picked at random would achieve ‘eminence’ was 1 in 4,000. 
Galton found that, if the boy was the son of a genius, his chance 
. would be increased to about 1 in 4; if the grandson, it would be 1 — 
in 29; if the nephew, 1 in 40; if a first cousin, 1 in 100. He readily - 
A recognized that a gifted father would be likely to provide his son- 
with a better education and perhaps use his influence in the boy'5- 
favour. This objection he met in various ways: first, by trying to 
find ‘two classes of men with equal advantages, in one of which 
they have high hereditary gifts, while in the other they have not; 
secondly, by noting cases in which the eminent relatives did not in 
fact influence the child; and thirdly, by noting cases in which the 
/ unmistakable genius appeared by a kind of *spontaneous varia- 
tion’. Sir Isaac Newton’s father, for example, was a simple yeo- — 
man-farmer who died before the boy was born; his mother took — 
him from school at the age of 14 to help run the farm; instead» 


. 1. F. Galton, Hereditary Genius, 1869. 
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he devoted himself to mathematics and scientific experiments, 
showing (according to numerous anecdotes) an amazing pre- 
cocity. He was accepted at Trinity College, Cambridge, as a 
subsizar, which meant that he paid his way by menial work. He 
became Lucasian Professor at the early age of 27. As Galton re- 
cords, later investigations have discovered two exceptionally able 
scientists among his mother's relatives, one of whom later became 
Secretary to the Royal Society; but the connection seems to have 
been unrecognized at the time. And Galton goes on to emphasize 
that ‘abundant instances of this emergence from obscurity’ are to 
be found in the pages of his book. D'Alembert was a foundling, 
afterwards shown to be well-bred in respect of ability, put out to 
nurse as a pauper baby; largely self-educated, he ‘attained first’ 
Tank as a celebrity by the time he was 24’. Galton’s list of in- 
born geniuses who owed little or nothing to their social circum- 
Stances’ could easily be extended. Gauss, still acclaimed as the 
Sreatest mathematician of all time, was the son of a bricklayer; 
Laplace, almost as brilliant, the son of a farm labourer; James 
Watt, Whewell, Opie; Lincoln, and Carlyle were sons of car- 
Penters; Marlowe, Winckelmann, and James Mill, sons of cob- 
blers; Thomas Cromwell, David Cox, and Michael Faraday, sons 
of blacksmiths; Defoe and Wolsey, sons of butchers; Luther, 

Wingli, and John Knox, sons of peasants; Kant's father was a 
Strap-maker, Tieck’s a rope-maker, Bunyan’s a tinker, Franklin s 
a soap-boiler, Kepler’s a drunken inn-keeper; and so one might 
80 on. Still more significant is the amazing precocity of most of 
those I have named. Many eventually entered a university; but it 
Was generally by their intelligence and hard work that they gained 
‘eir education, not their education that produced their high 
intelligence 1 

Galton fully recognized that these family histories could fur- 
nish no more than strong prima facie evidence; and for this reason 
t Suggested various new and fruitful methods of investigation — 
md calculation of correlations, the application of, standardized 
“Sts, the study of foster-children, and of identical and non- 


identical twins — many of which he later took up himself. As he 
as PEO my data I have relied chiefly on Havelock Ellis, Terman and Cox, 
bio ell as the Dictionary of National Biography, and various foreign 
the This, The descriptions do not always agree, usually perhaps because 
Wa p thers Changed their occupations. Many of the fathers, e.g. those of 
Wanted (i Gauss, became more or less well-to-do; but they commonly 
most their sons to follow in their footsteps, and ‘learn a trade . Indeed 
“Invi of the sons might well have adopted Jacob Bernoulli's motto: 
ito patre sidera verso." 
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pointed out, three distinct questions are really involved: (a) what 
evidence is there for the fact of inheritance, (b) what precisely is 
the mode in which intelligence is inherited, and (c) what is the 


relative importance of the genetic factor as compared with the 
. environmental? 


(a) The fact. In controversies about the fact of mental inheri- 
tance most critics have tended to assume that the two causal 
agencies commonly invoked — heredity and environment — are 
not merely antithetical, but mutually exclusive. The environ- 
mentalists suppose that, once they have shown that intelligence 
tests are affected by environment, it follows that all differences in 
intelligence are due to nothing but environment. Similarly the 
thoroughgoing hereditarians are apt to talk as though they be- 
lieved that differences in intelligence were due to nothing but 
genetic constitution. This is the familiar fallacy which I am 
tempted to label *nothing-buttery'. With a few rare exceptions, 
like eye colour or serological differences in the blood, every ob- 
servable characteristic that geneticists have so far studied has 
proved to be the product of the joint action of both heredity and 
environment. There are no such things as hereditary characters; 
‘there are only hereditary tendencies, 

Now, where two inexplicable factors, such as heredity and en- 
vironment, are likely to be involved, the obvious procedure will 
be to keep first one and then the other as constant as possible, 
and observe the results in either case, 
1. Uniform environment. As psychological consultant to the 
London County Council, I had free access to its orphanages and 
other residential institutions, and to the private files of case re- 
cords giving the history of each inmate. My co-workers and I 
were thus able to study large numbers of children who had been 
transferred thither during the earliest weeks of infancy and had 
thus been brought up in an environment that was much the same 
for all. We found that individual differences in intelligence, so far 
from being diminished, varied over an unusually wide range. In 
the majority of instances, they seemed to be correlated with dif- 
ferences in the intelligence of one or both of the parents. Some 
of the most striking cases were those of illegitimate children of 
high ability: often the father (as the case records showed) had 
been a casual acquaintance, of a social and intellectual status well 
above that of the mother, and had taken no further interest in 
the child. In instances like these it is out of the question to attri- 
bute the high intelligence of the Child to the special cultural 
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opportunities furnished by the home environment, since his only 
home has been the institution. A 

2. Uniform heredity. To secure cases in which the children’s 
genetic endowment is the same, we may turn to the assessments 
obtained for monozygotic or ‘identical’ twins. Not infrequently 
the mother is unable or unwilling to bring up two children at the 
same time, and one is consequently sent to a relative or toa foster 
home. Owing to the popular prejudice against separating twins, 


she not unnaturally tries to keep these arrangements secret. But j 


patient and tactful inquiries show that cases of twins brought up 
in different environments almost from birth are in fact much 
commoner than is usually believed. We have now collected as 
many as 53 such cases.! I reproduce the more important correla- 
tions in Table I and for comparison have added corresponding 
Coefficients obtained from other pairs, both related and unre- 
lated. As regards intelligence the outstanding feature is the high 
Correlation between the final assessments for the identical 
twins, even when reared apart: it is almost as high as the correla- 
tion between two successive testings for the same individuals. 
On the other hand, with school attainments the correlations are 
much lower for twins reared separately than for twins reared to- 
gether in the same home. 

Several of our critics - Maddox and Liam Hudson, for ex- 
ample — have cited the American study of twins, reported by 

ewman and his collaborators, as proving that intelligence is 
dependent on environment. Thus, to take an oft-quoted pair, 


Helen’, who had been trained as a teacher, scored with the - 


Stanford-Binet tests an LQ. of 116; whereas her twin sister, 
Gladys’, brought up for much of her childhood in an isolated 


C. BURT — 


district of the Canadian Rockies, scored only 92. But, says 


ewman, her score 


Was higher than we might expect considering her scant education; 
and ++. it seems certain that the great deficiency in education had 
inhibited the development of the rather high grade of mental ability 
With which she was endowed by heredity? 


Thus Newman's interpretation in no way conflicts with ours, as 
Will be obvious on comparing his figures with ours (see last 3 
Columns of Table 1). 
Lc. Burt, ‘The Inheritance of Ability’, Amer. Psychologist, 13, 1958, 
b: R and refs. 
tests. ie H. Newman, Twins and Supertwins, 1942, p. 136ff. Newman's 
5; it should be noted, were mainly verbal. 
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It is sometimes alleged that, since twins are born at the same 
time, the intrauterine environment must have been the same for 
both before birth, even if later on their environments differ 
widely, and that it is the former that is crucial. As it happens 
however, this gratuitous assumption reverses the actual facts d 
Embryological and obstetric records show that, particularly with 
twins developed from split ova, the position of each in the — 
uterus, and the subsequent development, is liable to differ widely. - 
S a result twins usually display poorer health and energy than 
normal children; and often one twin suffers more than the other. 
, I think, therefore, it may be safely said that, apart from the 
influence of some preconceived theory, few psychologists nowa- — 
days would be inclined to deny the mere fact of mental inheri- - 
fance: the most that can be plausibly alleged is that its influence - E 
IS comparatively slight and distinctly elusive. 


(b) The mode of inheritance. The majority of those who still 
Question the importance of mental inheritance, and many of those _ 
who support it, seem to cherish rather antiquated notions of the. 2 
Way in which inheritable characteristics are transmitted. If, as is 2 
Senerally believed, mental capacities are dependent on the physi- 
cal characteristics of the brain (or, to speak a little more precisely, 
9n the structural and biochemical qualities of the nervous system), 

en we should expect those capacities to be inherited in accord- 
ance with the same principles that govern the inheritance of other 
Physical characteristics; and these principles (except for obscure - 
ead apparently exceptional instances of extranuclear heredity) - 
are essentially those commonly associated with the name of - 

endel. Many British psychologists, however, feel a strong and 
not unreasonable prejudice against applying ‘atomistic theories 
ike Mendel’s’ to explain the facts of mental life, and conse- 
quently, so far as they admit the possibility of mental inheritance | 
hs all, still cling to the old Darwinian principle of blended inheri- 
ite On this view heredity means ‘the tendency of like to beget 
me, (the definition quoted by one of them from the Oxford E 
English Dictionary). As a result, they commonly assume that the 
arguments for inheritance must consist in demonstrating re- 
athe ances between the parent and his children bymeans of corre- | 
ee When the two parents differ, then the child is expected to — 
tai Sist in an intermediate blend of both, much as Aristotle main- _ 
«Ded that the ‘offspring of a leopard and a camel would be a 
cameleopard” or giraffe’. X 
€ approach of the modern geneticist is the reverse of all this, 
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not only of extremely dull 
. children in the families of the well-to- 


do professional classes, but 
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i rule, to suppose that it can 
ions, and point out that intel- 
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Karl Pearson! endeavoured to test the Mendelian theory in its : 
multifactorial form by comparing its implications with actual 
figures obtained for height, arm length, and similar physica! 
measurements, collected from over 2,000 students and their rela- 
tives. The expected correlations which he deduced for various - 
degrees of Kinship were in every case far smaller than those 
actually observed. He therefore rejected the hypothesis of Mend 
lian inheritance, and fell back on the older theory of blending. 
Owever, in deriving his formulae and his expected values, 
Pearson relied on an oversimplified model. Contrary to what \ 
now know to be the case, he assumed that the effect of assortative | 
mating — the tendency of like to marry like — could be ignored as. 
negligible, and that dominance would in every case be perfect. 
Sir Ronald Fisher? has since deduced more appropriate formulae, 
Which allow for these and other complicating factors: when the 
necessary adjustments have thus been made. The theoretical 
Values fit Pearson's own figures as closely as could be wished. 
Y colleagues and I have applied Fisher's methods (suitably H 
modified) to assessments for intelligence.” The data were secured - 
In the course of surveys of the entire school population in a repre- 
sentative London borough, and covered nearly 1,000 pairs of 
Siblings, together with the ratings for parents, and (so far as they | 
Were accessible) grandparents, uncles and aunts, and first cousins. 
© final assessments for the children were obtained by submitting 
he marks from the group tests to the judgement of the teachers 
Who knew the children best; where the teacher disagreed, the 
Child was interviewed personally, and subjected to further tests, 
often on several successive occasions. The assessments for the 
adults were naturally far less accurate. Nevertheless, the correla- | 
tions computed from the actual data agreed with the theoretical 
Values deduced from the multifactorial hypothesis far better than 


eS he only appreciable discrepancy occurred in the case of 
Arst cousins, Here, as for stature, the observed correlation for 


Intelligence was larger than the theoretical; but the difference 
Could readily be explained if (as suggested above) variations in 


arson, * On a Generalized Theory of Alternative Inheritance with 

ference to Mendel's Laws’, Phil. Trans., 203, 1904, pp. 53-87. 

Mena ;;^- Fisher, ‘Correlation between Relatives on the Supposition of - 
elian Inheritance’, Trans, Roy. Soc. Edin., 52, 1918, pp. 399-433. 

Its A. Burt and M. Howard, ‘The Multifactorial Theory of Inheritance and | 

93. j3]Plication to Intelligence’, Brit. J. Statis. Psychol, 9, 1956, p 
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intelligence are affected by a few major genes as well as by 
numerous minor genes. The figures for cousins of maternal, 


paternal, and mixed kinship also show some slight evidence sug- 
gestive of sex linkage. 


(c) The relative influence of heredity and environment. In 
practical work, however, the question most frequently raised is, 
not whether differences in intelligence are inherited, nor even 
how they are inherited, but rather what is the relative influence of 
heredity as compared with environment. To such a question there 
can be no single answer. We can only try to determine, for this or 
that type of environment, for this or that population, and for 
this or that type of assessment, how far the observable results ap- 
pear to be influenced by each of the two main groups of factors. 

Formulae analogous to those used to deduce the expected cor- 
relations from the theoretical variances can also be devised for 
comparing the amount of the constituent variances from the ob- 
Served correlations. I have ventured to modify Fisher's methods 
So as to allow for unreliability and for the Systematic effects of 
environment, i.e. for those environmental influences which are 
correlated with those of heredity, as well as for random effects. 
The genetic contribution may be regarded as comprising two dis- 
tinguishable portions: that due to the ‘fixable’ component (or, as 
Fisher expresses it, to the “essential genotypes’) and that due to 
the ‘nonfixable’ part (i.e. deviations resulting from dominance 
and similar influences). The data analysed consist of (i) marks ob- 
tained from the intelligence tests of the ordinary type taken just 
as they stand and (ii) adjusted assessments obtained by the 
supplementary methods already described. 

From Table II it will be seen that, with the crude test-results 
taken as they stand, nearly 237; of the total variance appears due 
to nongenetic influences, i.e., to environment or to unreliability, 
and about 77% to genetic factors; with the adjusted assessments 
only about 12% (or slightly more) is apparently due to nongenetic 
influences and 88% to genetic factors. The improvement implies 
that the practice of relying on tests alone — usually a group test 
applied once only — is by no means the best method of estimating 
a child's innate ability. More accurate assessments can almost al- 
ways be secured by submitting the test scores to the teachers for 
Criticism or correction, and Where necessary adjusting them as de- 
Scribed above. 

Environment appears to influence the test results chiefly in three 
Ways: (a) the cultural amenities of the home and the educational 
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aic R' 
opportunities provided by the school can undoubtedly affect a 
child's performance in intelligence tests of the ordinary type, 
since so often they demand an acquired facility with abstract and 
verbal modes of expression; (b) quite apart from what the child _ 


Table II 
Analysis of Variance for Assessments of Intelligence 


Unadjusted Adjusted 
Source test scores assessments 


Genetic component: 


fixable 40:5 47-9 
nonfixable 167 217 
Assortative mating 19-9 179 
Environment: 
systematic 10:6 r4 
random 59 38 
Unreliability 64 53 
Total 100-0 100-0 


may learn, the constant presence of an intellectual background 
May stimulate (or seem to stimulate) his latent powers by in- 
culcating a keener motivation, an interest in intellectual things, 
and a habit of accurate, speedy, and diligent work; (c) in a few 
Tare cases illness or malnutrition during the prenatal or early 
Postnatal stages may, almost from the start, permanently impair 
the development of the child’s central nervous system. The ad- 


Justed assessments may help to eliminate the irrelevant effects of 


the first two conditions; but it is doubtful whether they can 


adequately allow for the last. 


Class Differences. Since differences in ‘intelligence’ as we have 


p it result from differences in genetic constitution, they are 
oa 


arge and measurable extent transmitted from father to son. 
Oreover, as historical records amply testify, there has been, 


throughout the ages but more particularly during the last cen- 
tury, a natural tendency for individuals of high intelligence to rise 
In the social scale, and for those of low intelligence to drift down- 
Wardy; and their children tend usually to inherit the high or low 
ntelligence of their parents. The cumulative effect is a marked 


» erence in the average intelligence of the different social classes. 
Us the average I.Q. of children from the higher professional 


and ad, 


administrative classes is 120; that of children from the ranks 
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manual classes, there are 
mer than among the latter. 
the gifted children in the 


» and partly to social background, parental 
attitudes, and above all differences in interest, aims, and ideals.! 


Moreover, the birthrate is not only much bigger among the so- 


. called ‘lower’ classes, but also among the less intelligent and more 
unstable families in every social class; and this has not unnaturally 

aroused considerable alarm lest, as a general result, the average 
. level of intelligence among the nation as a whole might not be 
_ Slowly but steadily deteriorating from one generation to another. 


. HI Summary and Conclusion 


3 . The various lines 


of evidence we have now reviewed lead to the | 
following conclusions. 


1. The evidence 


y statistical data, 
. called factor-analysis. 


2. Individual diffe 


een members of the same fa 
 resemblances, are genetically determined. 


3. These empirical findings suggest the concept of an innate, 
general, cognitive factor, which for Convenience has been technic- 


mily, as well as 


ally named ‘intelligence’ — a term which unfortunately is all too 
frequently misunderstood. 

4. Differences in ‘intelligence’ as thus defined can be measured 
With a fair degree of accuracy by so-called ‘intelligence tests’, pro- 
vided they are appropriately constructed and selected, and care- 
fully checked. 

5. The degree of intelligence with which any particular child is 
endowed is one of the most important factors determining his 
general efficiency all throughout life. In particular it sets an upper 
limit to what he can successfully perform, especially in the 
educational, vocational, and intellectual fields. Nevertheless, 
intelligence is by no means the only factor. His progress and 
achievement will also be affected by his special abilities and dis- 
abilities, by his physical health and stamina, and above all by his 
emotional and conative qualities (i.e., by what is loosely termed. 
his * temperament’, his ‘character’, or his ' personality"). At every 
Stage heredity and environment, genetic constitution and post- 
natal influences are continually interacting. As a result the 
influence of the innate general factor is greatest during early 
Childhood, but tends to be increasingly overlaid or masked 
during later years, . 

, 6. There is no discernible difference between the average intel- 
ligence of the two sexes; but there are well marked. differences be- 
tween the average intelligence of the socio-economic classes — that 
of the manual classes being decidedly lower than that of the non- 
manual and professional classes. However, within each class in- 
dividuals vary enormously, ranging in every case from the born 
Imbecile to the born genius. " 

All this, it will be seen, presents an extremely complicated set of 
Problems for the educationist, the politician, the social reformer, 
and the Policy-makers of every truly democratic state. Too often 
both the facts and the origins of the various problems are ignored 
9r misconceived. Here therefore is an urgent need not only for 

urther research but also for a more general understanding of | 
the results of such research. 
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- L. Erlenmeyer-Kimling and L. F. Jarvik, ‘Genetics and intelligence: 
a review’, Science, vol. 142 (1963), pp. 1477-9. 


Abstract. A survey of the literature of the past 50 years reveals 
remarkable consistency in the accumulated data relating mental function- 
ing to genetic potentials. Intragroup resemblance in intellectual abilities 
increases in proportion to the degree of genetic relationship. 


4 


Nomothetic psychological theories have been distinguished by the 
tendency to disregard the individual variability which is charac- 
teristic of all behavior. A parallel between genetic individuality 
and psychologic individuality has rarely been drawn because the 
usual assumption has been, as recently noted by Hirsch (1), 
that the organisms intervening between stimulus and response 
are equivalent *black boxes', which react in uniform ways to 
given stimuli, 
While behavior theory and its analytic methods as yet make few 
provisions for modern genetic concepts, the literature contains 
more information than is generally realized about the rela- 
tionship between genotypic similarity and similarity of perform- 
ance on mental tests. In a search for order among the published 
data on intellectual ability, we have recently summarized the 
work of the past half century (2). By using the most commonly 
reported statistical measure, namely, the correlation coefficient, 
it has been possible to assemble comparative figures from the 
majority of the investigations. 
. Certain studies giving correlations had to be excluded from this 
compilation for one of the following reasons: (i) type of test used 
(for example, achievement tests, scholastic performance, or sub- 
jective rating of intelligence): (ii) type of subject used (for ex- 


__, The 52 studies (2) remaining after these exclusions yield over 
30,000 correlational pairings (4) for the genetic relationship cate- - 
 Bories shown in figure 1. The data, in aggregate, provide a broad 
basis for the comparison of genotypic and phenotypic correla- - 1 
tions. Considering only ranges of the observed measures, 4 
marked trend is seen toward an increasing degree of intellectu 


category 


unrelated [ apart 
persons reared 
together 


foster parent child 


parent child 
reared 
"bar apart 
siblings à 
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together 
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Figure 1 Correlation coefficients for ' intelligence? test scores from 52 st 
Some studies reported data for more than one relationship Ree 
included more than one sample per category, giving a total of gro! th 
Over two-thirds of the correlation coefficients were derived from dt. 
remainder from special tests (for example, Primary. Mental A ingen 
Midparent-child correlation was used when available, otherwise mother 

child correlation. Correlation coefficients obtained in each study are indicated. 
by dark circles; medians are shown by vertical lines intersecting the horizontal 
lines which represent the ranges. 


resemblance in direct proportion to an increasing degree of genetic 
relationship, regardless of environmental communality. ) TTA 
Furthermore, for most relationship categories, the median of 
the empirical correlations closely approaches the theoretical. 
value predicted on the basis of genetic relationship alone. The 
average genetic correlation between parent and child, as well as 
that between siblings (including dizygotic twins) is 0:50. Th 
median correlations actually observed on tests of intellectual func- 
tioning are: 0-50 for parent-child, 0-49 for siblings reared to- 
gether, and 0:53 for dizygotic twins, both the opposite-sex and 
ike-sex pairs. Although twins are presumably exposed to more 
Similar environmental conditions than are siblings spaced apart | 
in age, the correlations for mental ability do not indicate a sizable - 
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difference between the groups. Since only two studies dealt with 
_ siblings reared apart, it is possible to state only that the reported 
correlations for that group fall within the range of values obtained 
for siblings reared together and exceed those for unrelated child- 
. ren living together. ' 
For unrelated persons in a large random-mating population, 
the theoretical genetic correlation is usually considered to be zero; 
for smaller populations, or those that deviate substantially from 
panmixia, however, the genetic correlation between presumably 
. unrelated individuals in fact may be considerably higher. The 
Observed median for unrelated persons reared apart is —0-01. 
Medians for unrelated individuals reared together (children 
reared in the same orphanage or foster home from an early age) 
and for the foster parent-child group are 0-23 and 0:20, respect- 
tively. The relative contributions made by environmental simi- 


. larity and sample selection to these deviations from zero are still 
to be analyzed. 


At the other end of the relationship scale, where monozygotic 


twins theoretically have 100 per cent genetic correlation, medians 
of the observed correlations in intellectual functioning are 0-87 
- for the twins brought up together, and 0-75 for those brought up 
part (5). The correlations Obtained for monozygotic twins 

reared together are generally in line with the intra-individual re- 
liabilities of the tests. The median for the separated twins is some- 
what lower, but clearly exceeds those for all other relationship 
groups. 

In further reference to twin studies, our survey (2) shows that 
mean intrapair differences on tests of mental abilities for dizy- 
gotic twins generally are between 1} to 2 times as great as those 
. between monozygotic twins reared together. Such a relationship 

appears to hold also for the upper age groups, as suggested by a 
longitudinal study of senescent twins (6). 

Taken individually, many of the 52 studies reviewed here are 
Subject to various types of criticism (for example, methodo- 
logical). Nevertheless, the overall orderliness of the results is par- 
ticularly impressive if one considers that the investigators had 
. different backgrounds and contrasting views regarding the im- 

portance of heredity. Not all of them used the same measures of. 
intelligence (see caption, figure 1), and they derived their data 
from samples which were unequal in size, age structure, ethnic 
composition, and socio-economic stratification; the data were 
collected in eight countries on four continents during a time span 
covering more than two generations of individuals. Against this 
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Pronounced heterogenecity, which should have clouded the pic- - 
ture, and is reflected by the wide range of correlations, a clearly 
definitive consistency emerges from the data. 
The composite data are compatible with the polygenic hypo- 

| thesis which is generally favored in accounting for inherited dif- — . 
ferences in mental ability. Sex-linkage is not supported by these 
data (for example, under a hypothesis of sex-linkage the correla- 
tions for like-sex dizygotic twins should be higher than those for 
Opposite-sex twins), although the possible effects of sex-linked 
Benes are not precluded for some specific factors of ability. , 

We do not imply that environment is without effect upon in- 

tellectual functioning; the intellectual level is not unalterably 
fixed by the genetic constitution. Rather, its expression in the 
phenotype results from the patterns laid down by the genotype 
under given environmental conditions. Two illustrations of the 
"norm of reaction’ concept in relation to intellectual variability 
are seen in early total deafness and in phenylketonuria. Early 
deafness makes its stamp upon intellectual development, in that 
itlowers I.Q. by an estimated 20 score points (7). Phenylketonuria 
is ordinarily associated with an even greater degree of intellectual 
Impairment. However, early alteration of the nutritional environ- 
Ment of the affected child changes the phenotypic expression of this 
genetic defect (8). Individual differences in behavioral potential 
reflect genotypic differences; individual differences in behavioral 
Performance result from the nonuniform recording of environ- 
mental stimuli by intrinsically nonuniform organisms. 
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individuals. Altogether, we have been able to identify the following 
minimum numbers: twins, 3134 pairs (1082 monozygotic and 2052 
dizygotic); sibs apart, 125 pairs plus 131 individuals; sibs together, 
h 8 pairs plus 7225 individuals; parent-child, 371 pairs plus 6812 
individuals; fosterparent-child, 537 individuals; unrelated apart, 
15,086 pairings; unrelated together, 195 pairings plus 287 individuals. 
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Correlational data are now available on 107 separated pairs of 
> aes twins from four series: H, H. Newman, F. N. Freeman, 
K. J. Holzinger, Twins: A Study of Heredity and Environment 
(Univ. of Chicago Press, Chicago, 


- Falek, J. Geron 


Salzberger and L. F. Jarvik, in Family and Mental Health 
Problems in a Deaf Population, J. D. Rainer, ef al., Eds. (N.Y, State 


EH 


Psychiatric Institute, New York, 1963). 


A. Homer, C. W. Streamer, L. L. Alejandrino, L. H. Reed, 
F. Ibbott, New Engl. J. Med., 266, 79 (1962). 


Part Six WIDER IMPLICATIONS 


We come to the final section of this book, a section which, to 
Some extent, tries to summarize some of the important gains 
in knowledge over the first half of this century in the cognitive 
field, and also tries to suggest ways forward. MU 
The first paper, by Ferguson, a Canadian Psychologist, is — 
One of two which he wrote in the middle fifties: two important 
Papers which received less attention than they deserved. Here. 1 
he is pointing the way ahead, suggesting ways in which the theories 
of the factor analysis and the psychometricians might be allied 
to learning theory and the imaginative and stimulating work 
of Piaget. This seems a highly promising line of attack. The E 
Short paper which follows Ferguson's is included mainly to 
€monstrate some evidence of the validity of Ferguson’s . 
assertion that the factor pattern of abilities must change with 
age and the changing demands of environment. (A reworking 
of Hofstaetter's data may be found in a chapter by the editor 
in Meade, J, E., and Parkes, A. S., Genetic and environmental 
Factors in human abilities, Oliver & Boyd, 1966, pp. 64-80. 
The final contribution in this section is an extract from _ 
unt’s monumental work Intelligence and experience. This is 
a remarkable book, notable for the width and catholicity of its 
Survey, the incisiveness of its critical analysis, its scholarly 
treatment of unresolved problems and its wealth of explicit 
and implicit suggestions for further work. It forms a fitting 
Conclusion to the sixteen other contributions, and in its form 
and content undoubtedly exemplifies man’s. intelligence, ability 
and aptitude. 
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Learning and Human Ability 


G. A. Ferguson, ‘On learning and human ability’, Canad. J. Psychol., 
d vol. 8 (1954), pp. 95-112. 


My purpose is to present a generalized theory which draws to- 
gether within a single conceptual framework the study of human 
learning and the study of human ability. Those concerned with - 
the description and classification of man's abilities have usually — 
adopted an individual difference approach. They have paid scant 
attention to problems of learning. The experimentalists, engrossed 
in the study of learning, have for various theoretical and practical 
reasons shown little interest in individual differences. They seem 
unaware that they too are students of man’s abilities. This diver- 
Bence between two fields of psychological endeavour has led 
to a constriction of thought and an experimental fastidiousness 
inimical to a bold attack on the problem of understanding human — 
behaviour. 4 M 
At present no systematic theory, capable of generating fruitful 
hypotheses about behaviour, lies behind the study of human. 
ability. Current approaches are largely empirical. Psychological 
test theory and factor theory, evolved as they were for the study - 
of human ability, are largely technologies which do not presume - 
to answer psychological questions per se, although they may aid - 
in the answering of such questions once raised. The pioneers of - 
factor analysis, Spearman (16), Thomson (17) and others, 
Proposed theories of brain functioning, and resorted to factor 
analysis as a means of testing deductions from those theories. Few 
attempts are made today to correlate the descriptive parameters. 
of behaviour identified by factorial methods with any structural 
or dynamic properties of a brain model. Many factorists, al- 
though accepting this as a legitimate problem, regard its explora- 
tion as beyond their province and possibly premature. Earlier 
factorists thought otherwise. Many physiological psychologists 
9n the other hand still concern themselves with rather vague and 
Slobal concepts of intelligence, and seem unaware that these — 
Concepts are regarded as obsolete by many students of human — 
ability. The concept of intelligence, however it be framed, is no - 
EE a useful scientific concept except as subsuming som 
efined set of clearly distinguishable abilities. : 
If the study of human ability lacks theoretical buttressing, the | 
` 
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study of human learning most certainly does not. The physical 
bases of memory have been the subject of much speculation at 
least since the time of René Descartes. One of the postulates ofa 
recent theory proposed by Hebb (10) is identical in form with the 
postulate of Descartes. The extent and persistence of this class 
of theorizing are apparent in a recent extensive review by 
Bronislaw Gomulicki (8). One recent line of speculation in this 
area has been advanced by the cyberneticists and by those con- 
cerned with the development of electronic calculators and related 
devices. Analogies have been drawn between the principles which 

. govern the functioning of machines that ‘learn’ and ‘remember’ 
and the principles which govern the functioning of the human 
brain. 

In the field of human learning there is clearly a plenitude of 
diverse theoretical constructs, together with an extensive accumu- 
lation of experimental data. In the field ofhuman ability, although 
we suffer from a paucity of systematic theoretical constructs, we 
have an extensive technology, much data based on the study of 
individual differences, and formal ways of thinking about prob- 
lems which are, I believe, foreign to many who work in the learn- 

! ing field. It follows that, if we can logically incorporate the two 


fields in a single conceptual framework, some mutual enrichment 
may occur. 


Ability and Overlearning 


‘Ability’ is defined operationally by the performance of an in- 
dividual in a specified situation. Thus L. L. Thurstone (18) states 
that *an ability is a trait which is defined by what an individual 
can do’. It follows, as Thurstone points out, that ‘there are as 
many abilities as there are enumerable things that individuals can 
do’. Factor analysis, a classificatory technique, undertakes à 
parsimonious description of the multitudinous array of abilities 
in terms of a relatively small number of categories. It is clear 
that the term ‘ability’, in addition to its operational meaning, 
may be assigned a formal postulational meaning within a frame- 
. work of theory. 

"Learning", as conventionally used in experimental psychology: 
refers generally to changes, with repetition, in ‘ability’ to perform 
a specified task, the changes being regarded as functionally 
dependent on, or in part assignable to, repetition. Other assign" 
able causes of change, such as fatigue, sensory adaptation, arti- 
facts of measurement, and the like, are presumed to be controlled. 
This commonly accepted statement of what is meant by learning 
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is inadequate and leads to logical pitfalls. It will, however, serve 
my immediate purpose. Note that I have introduced the term 
‘ability’ into the definition of learning. It is seldom used in con- 
nection with learning experiments, although indices of per- 
formance used in such experiments are clearly measures of the 
ability of the subject at various stages in the learning process. 
Conventional learning curves are simply descriptions.of changes 
in ability with repetition. "-— 

If we regard the term ‘ability’ as defined by an individual's 
performance, we may identify two broad classes of ability: a 
Class which is more or less invariant with respect to repetition or 
its cessation, and a class which is not. Thus some of the things 
which individuals can do appear to have a fairly high degree of 
permanence, showing little change, either in the presence or in the 
absence of repetition. Other things individuals can do may 
exhibit gross improvement with repetition, or gross impairment 
following a period in which no repetition occurs. : s 

_ The typical learning curve shows that in most learning situa- 
tions a level of performance is attained with repetition beyond 
Which no further improvement is observed. Moreover, in certain 
learning situations, particularly those demanding à high degree 
of overlearning, the subject when tested may exhibit no impair- 
ment in performance even after lengthy periods of time without 
repetition. It seems that in most learning situations the ability of 
the subject reaches a crude limit! beyond which no systematic 
improvement is likely to occur with repetition. Of course in some 
Cases rapid improvement may occur following a ‘plateau’ in 
learning. 

While the term ‘ability’ may be used generally to refer to 
Performance on any type of task, whether or not it varies with 
repetition, many psychologists conventionally use the term, in 
the case of adults, to refer to performance which does not vary 
much over lengthy periods of time. Likewise it is assumed that 
the abilities of children are reasonably stable over short time 
intervals, although they may show systematic improvement with 
age. For example, in Thurstone’s classification of mental abilities 
(19), reasoning ability, number ability, perceptual ability, spatial 
ability, and the like, are presumed, in the adult subject, to be 
reasonably stable attributes of behaviour over lengthy periods and, 


1. The term ‘limit? is used here in a very loose and imprecise sense to 
refer to a level beyond which no very gross and systematic change seems 
ikely to occur. The term is not used in the rigorous sense in which it is 


understood in elementary mathematics or in the stochastic sense of prob- 
ability theory. 
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in the child, to have considerable stability at any given age level. 
It is not presumed that an individual's reasoning ability will be 
markedly changed by solving large numbers of verbal analogies or 
number series items, or that his spatial ability will show pro- 
nounced improvement with practice on paper form-board items 
or other spatial tasks. Although some improvement with practice 
will occur in many subjects, we do not expect such improvement to 
be gross. " 
These observations bring us to the first hypothesis of this dis- 
cussion, namely, that in the adult subject in our culture, those 
more or less stable attributes of behaviour which we ordinarily 
speak of as abilities, and which are defined in terms of perform- 


ance on psychological tests, refer to performance at a crude limit. - 


of learning. This is regarded as applying to all attributes in the 
Thurstone classification and to whatever is subsumed under the © 
term ‘intelligence’. The hypothesis implies that these abilities 
are overlearned acquisitions, and that the stability which charac- 
terizes them is the result of overlearning. It assigns to learning à 
central role in the study of human ability, and opens the way for 
the study of ability and learning within the same conceptual 
framework. It is proposed that any theory which implies that in- 
dividual differences in ability are individual differences at some 
crude limit of performance reached by overlearning be referred to 
as a limits of learning theory of human ability. 

The role of learning in human ability is well illustrated by 
number ability. Number ability is defined by the performance of 
individuals on certain simple arithmetical tasks involving addi- 
tion, subtraction, multiplication, and division. Tests of number 
ability are usually highly speeded. In our culture the majority of 
educated adults are fairly facile at tasks entailing ordinary 
arithmetical operations. Arithmetical facility has for many 
individuals been so reinforced by innumerable repetitions over 
prolonged periods of time that a crude limit of learning has been 
attained. Although some might show improvement with syste- 
matic practice, this would probably not be great. It seems plaus- 
ible, therefore, that in many adults individual differences in 
number ability refer to individual differences at some crude limi 
of performance. , 

The role of learning in perception is a controversial subject- 
Much evidence supporting the view that perception involves 2 
prolonged period of learning has been marshalled by Hebb i? 
The Organization of Behavior (10). This evidence strongly suggests . 
that various perceptual abilities represent performance at the 
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limits of learning in perception. In the normal child the limits of 
learning in many perceptual tasks may be reached at a fairly early 
age. 

The role of learning in reasoning - that is, in the type of ability 
required for the solution of number series items, verbal analogies, 
and so on — is far from obvious. But numerous arguments can be 
advanced to support the view that reasoning ability involves a 
Prolonged period of learning. 

The view that ‘ability’ has reference to performance at some 
crude limit of learning is not new. It is implicit in the theories of 
Hebb (10) although not formulated by him in the above manner. p 
In much of the work carried out in the animal laboratories at — 
McGill the ‘intelligence’ of the rat or dog is defined in terms of 
Performance on a maze test following a lengthy learning period. 

he animal performs in the test situation until his performance 
Teaches a crude stability, or until a limit of performance Is very 
roughly approximated, and this limit serves to define his 'in- 
telligence’, a 

Gross individual differences in ability do exist. These differences 
are a complex result of the interaction of the biological propenst- 
ties of the organism and the learning which occurs at particular 
Stages of life. This topic has been discussed by Hebb (10). His 
distinction between early and late learning is relevant here. It 
Fp that the state of an organism at any given time and its 
tio 'ty to respond to any immediate situation is a complex func- 

s | TN only of its biological propensities and previous learning, 
E. : SO of the stage in life at which learning of various ue 
pa redi This implies that the stage of development at whic! 
Suns. ofa particular class has occurred is one factor in on 
o ann the limit of overlearning at the adult stage. Thus, as He E 
gener). Carly learning or its lack may have a permanent an 
age effect in the adult. ? 
with Sy y of the abilities which psychologists have studied na 
Binet ge. Intelligence as defined by such tests as the Stanford- 
binaries until about the age of 17, when a limit of per- 
environ Is reached. In our culture children are exposed D 
Proce pia that demands rapid learning of many things. They 3 
ata *d as rapidly through the school system as their abilities 
UY stage will allow. It is probable that many children at any — 
A 


rhe age are functioning fairly close to the limit of their 
ats tality with regard to certain classes of activity. It follows 
Child: SD OE the abilities measured by psychologists are, for many 
Ten, indices of performance at a crude limit of learning for — 


293 


ee ee ee Se ee UN 


LEARNING AND HUMAN ABILITY 


the age in question. However, if a child's environment is restricted 
with respect to certain activities he may function well below the 
limit of his potentiality in those activities at varying ages, and a 
permanent impairment at the adult stage may result. Presumably 
children reared in different environments, which demand different 


types of learning at different ages, develop different patterns of 
ability. 


Transfer 


‘Transfer’ is frequently used in a general sense to refer to the 
effects of changes, resulting from repetition, in ability to perform 
a specified task, on the ability to perform either the same task 
under altered conditions or a different task. This is the meaning 
usually assigned to the term ‘transfer’ for laboratory experimenta- 
tion. An implicit condition is that the prior task is in some respect 
different from the subsequent task, When the two tasks are pre- 
sumed on the basis of superficial inspection to be similar, the 
term ‘learning’, and not ‘transfer’, is used to refer to the changes 
in ability that occur. It seems, therefore, that transfer is the general 
phenomenon and ‘learning’ is a particular formal case which may 
never occur either in laboratory experimentation or in real life 
situations. Thenotion of learning implies theidentity of a sequence 
of learning situations.’ The fact that learning is a particular formal 


1. The inability of students of learnin 
problem of the identity of and difference 
difficulties in our concepts of learning ai 
concepts require some revision. To 
same task, or that one task is di 


g to deal appropriately with the 
between tasks has led to logical 
nd transfer. To my mind these 
say that an individual is repeating the 
flerent from another, demands a precise 
statement of what is meant by ‘same’ and ‘different’. The referents of 


these terms in current thinking on learning are largely phenomenological; 
that is, they have to do with our immediate experience upon inspection of 
the tasks in question. Two ways out of this difficulty suggest themselves. 
First, the terms ‘same’ and ‘different’ are always with Tespect to some 
Property or properties. In view of this, it may be possible to define operation- 
ally properties with respect to which tasks may differ, and to study the 
relationship of such differences to differences in transfer effects. Attempt 
have been made to do this. Second, ‘same’ and ‘different’ may be define 
in terms of correlation. If the correlation of the performance of a group O' 
individuals on two tasks, or on successive trials of what experientially is the 
same task, is roughly unity, error being taken into account, then the tasks 
may be said to be the same. If the correlation departs from unity then the 
tasks may be said to be in some degree different. We may be prepared to 
go beyond a strict operational statement of this kind and speak of tasks 0? 
successive trials as involving the same or different functions. This essential if 
is the rationale of factor analysis. This second approach in effect define 
the stimulus in terms of the responses of the subjects. 
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case of the general phenomenon of transfer has been recognized | 
by Cook (6) who writes: 


There is no separate problem of transfer of training. Or conversely, ^ 
all learning (unless there exists a limiting case in which successive trials 
are identical on all counts) involves the problem posited in the transfer 
of training experiments: What identities and differences in successive 
trials affect what sort of learning? 


With the possible exception of some learning which occurs - 
Very early in life, all learning occurs within the context of ex- 
Perience. We bring to bear on the learning of any task a mass of | 
Prior experience which may either facilitate or inhibit the learning 
Of that task. On this point McGeoch (12) writes: 


After small amounts of learning early in the life of the individual 
every instance of learning is a function of the already learned organiza- . 
ation of the subject; that is all learning is influenced by transfer. . . . 
The learning of complex, abstract, meaningful materials and the 
Solution of problems by means of ideas (reasoning) are to a great 
extent a function of transfer. Where the subject ‘sees into’ the funda- 
Mental relations of a problem or has insight, transfer seems to be a 
major contributing condition. It is, likewise, a basic factor in originality, 
the original and creative person having, among other things, unusual 
Sensitivity to the applicability of the already known to new problem 
Situations, Perceiving, at whatever complex level, is probably never 
‘ce of its influence, and there is no complex psychological event which 
'S not a function of it. 


£ 


Hebb (10) in discussing the same point writes: 

If the learning we know and can study, in the mature animal, is 
cavily loaded with transfer effects, what are the properties of the 
original learning from which those effects come? How can it be possible 
ven to consider making a theory of learning in general from the data 

p. maturity alone? There must be a serious risk that what seems to be 
“arning is really half transfer. We cannot assume that we know what — 
“arning transfers and what it does not: for our knowledge of the extent — k 
of transfer is also derived from behavior at maturity, and the transfer 
rom infant experiences may be much greater and more generalized. 


If all adult learning is heavily loaded with transfer, what is the 
nature of the prior learning which transfers to the learning of new 
asks, and how does it affect the learning of such new tasks? 
Wo hypotheses are put forward. : 
€ first is that, in many adult learning situations, the most 
Important variables exerting transfer effects on subsequent learn- 
ing are the ‘abilities’ — the prior acquisitions that have attained 
eir limit of performance. This hypothesis has long been widely — 
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accepted and is deeply entrenched in our thinking. It is common- 
place to say that ‘bright’ children learn more quickly in school 
than ‘dull’ children, where brightness and dullness are defined in 
terms of performance on an ability test. The validation of tests 
against training criteria implies that the abilities of man are signi- 
ficant variables in the learning process. Such a loose statement 
as ‘Intelligence is learning ability’ reflects the important role 
frequently assigned to intelligence in learning situations. There are 
two reasons for emphasizing this hypothesis. First, it is formulated 
within a new theoretical framework which alters substantially 
our way of thinking about the role of human 
The problem can now 


at prior learned acquisitions, 
or abilities, transfer to what learning, and how, and under what 
conditions, remain largely unanswered. 

The second hypothesis concerns the way in which overlearned 
acquisitions, or abilities, affect subsequent learning. It is that 
such abilities exert their effect differentially in any learning situa- 
tion; that different abilities exert different effects at different 
Stages of learning, and that the abilities which transfer and produce 
their effect at one Stage of learning may be different from those 
which transfer and Produce their effects at another stage. This 
means that individual differences in abilities which may be func- 
tionally related to individual differences in performance in the 
early stages of learning a task, may not be functionally related, of 
may be related in a different way, to performance in the later 
Stages. An implication of this hypothesis is that an individual 
might possess the abilities to perform a given activity with à 
high degree of proficiency, but might lack the abilities to learn to 
perform the task under certain specified conditions of learning. 
Likewise an individual might possess theabilitytoimprove rapidly 
in the early stages of learning, but might lack the abilities neces- 
Sary to attain high proficiency at the stage of high habituation OF 
overlearning. The learning of many motor activities probably 
belongs to this class. 
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This hypothesis, if experimentally confirmed, will have import- 
ant educational implications. It implies, for example, that a slow 
learner under given learning conditions may have a capacity for — 
ultimate performance in excess of the fast learner under the same 
training conditions. In the test validation field, where tests are 
frequently validated against training criteria, it becomes im- 
portant to consider the stage of training to which the criterion 
relates, since tests with an acceptable degree of validity at one 
stage of training may have little or no validity at another stage. —— 

A prior overlearned acquisition, an ability, may not only facili- 
tate the learning of a new task but may also inhibit it. Thus we 
may consider both positive and negative transfer effects, and the 
Simultaneous operation of such effects. Although the terms posi- 
tive and negative transfer are used to refer to net effect of the. 
operation of a variety of variables, experiments could readily be - 
designed to separate out the positive and negative effects of 
different abilities on the same learning situations. 


Experimental Design 


The experimental investigation of these hypotheses involves an. 
individual difference approach. There have been a number of 
Such approaches in the learning field (14, 20, 22, 23), but this line 
of attack has been relatively unpopular, owing to the practical 
difficulties of finding appropriate learning tasks which will pro- 
vide reliable measures of performance and permit the collection _ 
of data on substantial numbers of subjects. . 1 
The type of experiment suggested by the hypotheses in this 
Paper may be illustrated as follows. Say that we are concerned 
With the transfer of certain overlearned acquisitions, or abilities, - 
to the learning of a motor task, that a number of learning periods 
are allowed, and that a measure of performance, or score, 1s 
Obtained for each learning period for each subject. We may 
select and administer to our subjects a number of tests of abilities 
Which a priori considerations have led us to believe may transfer | 
either positively or negatively to the learning of the motor task. - 
For any group of subjects the intercorrelations between all the — 
variables may be calculated. The relationship between perform- | 
ance at various stages of learning is described by the correlation 
between scores on the learning task. The correlations between the 
ability tests and scores on the learning task are measures of the 
extent of transfer of the abilities to the learning situation at — 
Various stages of learning. The results obtained from such an 
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experiment can probably best be handled by factorial methods, 
treating the tests of ability as criterion variables. . 

. Experiments of this design will permit observation of the 
differential transfer of abilities at different stages of learning. 

The design may also be readily extended to cover forgetting, and 
- the differential effects of transfer through a cycle of learning and 
- forgetting. Further, the design permits the differentiation of the 
Simultaneous operation of positive and negative transfer effects. 


Culture and Human Ability 


this is so, the y many inve. 
telligence tests when used in selection, c. 
E à 


A recent extensive investigation by Eells, Davis, et al. (7) at- 
_ tempted to isolate groups of test items which showed relatively 
small or negligible differences b 


i etween individuals in various 
Socio-economic groups. 
Many investigators concerne 
‘intelligence’ as a basic underl 
of measuring it are, 
then, can inferences 


hich are invariant with respect to 
ctors, and so are ‘better’ measures 
e called ‘intelligence’, As Turnbull 
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tion of items which show no differences between groups. These - 
are then used as evidence that there is no real difference. 

The position described above has been widely adopted, although 
its logical ramifications have seldom been explicitly stated. Its. 
basic weakness lies in a naive concept of ‘intelligence’, which - 
leads to an experimental impasse avoidable only by the accept- 
ance of an unverifiable hypothesis. Thus the existing position 
held by many investigators is logically untenable, and hence 
cannot lead to profitable research. 

The theory presented in this paper enables us to regard these 
Problems in a different light, and to formulate them in more 
meaningful terms. It states that the more or less stable attributes - 
of behaviour, commonly referred to as abilities, represent per- - 
formance at crude limits of learning, and that such limits are — 
determined by the biological propensities of the individual and | 
by cultural factors which prescribe what shall be learned and at 
What age. Therefore, questions raised about the role of cultural ] 
factors in human ability are essentially questions about the 
relationship between learning and human ability. k 1 

, The obvious inference from this line of argument is that in- 
dividuals reared in different cultures will develop different patterns 
Of ability, It is substantiated by a mass of anthropological evi- 
dence. It must be so. It cannot be argued that, if no differences 
between cultural groups on a particular test are found, we are - 
Measuring a biological capacity in which no differences exist 
qu cm groups. Nor, conversely, can it be argued that where 

ifferences are found they are the result of biological differences. 

"ch arguments are ruled out of court in the above theoretical 
positions The initial problem becomes one of describing the pat- 
erns of ability which are characteristic of individuals reared in 

ifferent cultural environments. The initial problem is not one of 

©Monstrating that intercultural differences exist with respect to a 
Particular ability, or that they do not, or of drawing inferences 
rom such findings one way or another. n. 

vi regard the inferences drawn from many of the extensive 1n- 
vestigations on racial differences in ‘intelligence’ as essentially - 
invalid, Many of these studies sought differences in “intelli- 
pis ©’, biologically regarded, between racial groups; race being 
un ological concept. Hypotheses pertaining to this problem are 
eee in terms of the present theory. Racial groups may - 
bee: it different patterns of ability, as defined by performance on 
E. ‘cular tests, but to argue from these data for or against the 
Stence of biological differences is not meaningful. 
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E In Canada during the war the Armed Services attempted kj 
develop parallel tests for French- and English-speaking personnel. 
The hypothesis underlying the development of i such tests was 
that no differences in the pattern of abilities existed (or should 
. exist) between these groups, an hypothesis which was politically 

expedient regardless of its scientific validity. This resulted in 
statistical manipulation to ensure that the French and English 
forms, whenapplied to samples of the respective populations, gave 
the same means and variances. A practicable approach to this 
problem, which avoids such difficulties, is to develop tests, possi- 
bly quite different, for French and for English, and to validate 
them separately in French and English situations. If similar 


privileged, and restricted,! cultural 
oblem is again one of developing tests 
the abilities of the members of such 
communities. These tests should conform to the usual criteria of 
reliability, discriminatory capacity, and the like. In the New- 
- foundland Outports, for example, many individuals display 
. excellent skill in boat building, navigation, and fishing. On tests 


_ of the abstract thinking type developed for use in urbanized 
cultures, the members of such 


The tests discriminate poorly. Th: 
members of such communities, 
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for describing adequately 
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banized culture fosters. The first step is to discover adequate ways 
and means for describing these abilities. Once this is done, an’ 
attack can be made on other problems. 


Age and Ability 
There is a substantial body of experimental data on the relation- - 
Ship between test performance and age in different cultural groups, 
but it has not been adequately interpreted or carefully assessed 
in relation to a theory of mental ability. The theory proposed in 
this paper permits an interpretation of these data and leads to 
certain hypotheses which, if substantiated, may be of some practi- 
cal consequence in the development of tests for different cultural 


Take the studies by Gordon (9)* on canal-boat and gypsy 
children in England. The canal-boat children received a very 
limited education. The average school attendance was estimated 
at only 5 per cent of that in the ordinary elementary schools. 


tact with other canal-boat famili g 
the average IQ Stanford-Binet) was 69:6. Notable was the sharp 
decline in IQ with age. The correlation between IQ and age was 
— 0-755. The four- to six-year group had an average IQ of 90, 
Whereas the oldest group averaged 60. In children of the same. 
family a consistent drop from the youngest to the oldest was. 
Observed. The mental ages of children within a single family were 
Similar, although chronological ages differed. ] 
In the case of gypsy children the mean IQ in a sample of 82 
Was 74-5, and the correlation between age and IQ was —0:430.- 
The school attendance of the gypsy children was about 35 per 
Cent of possible school days. Although IQ was negatively corre- 
lated with age, it was positively correlated with school atten- 
dance. The increment of mental with chronological age was far 
below that which generally obtains. dn 
Similar results have been found in studies of mountain children 1 
made by Hirsch (11), Asher (3), Sherman and Key (15), and others. 3 
Studies on Eskimo children carried out by Anderson and Eells 
) report the same findings. The Mean IQ on the Stanford- 
Binet at the 8-year age level was 99-6 and at the 18-year age level 
66:8. On the Goodenough scale for ‘drawing a man’ the cor- 
Tesponding average IQ's were 100-0 and 87:2. Similar observa- - 
tions were made by Porteous (13) in applying the Porteous Maze 
T a My account of Gordon's work is taken from Anastasi and Foley (1). 
9 not have access to the original source. 
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Test to Australian aborigines. Yerkes (24) reported a similar 
result with respect to different socio-economic groups, the in- 
crement of score with age being less for a low-status than for a 
high-status group. This finding, however, does not seem to have 
been clearly substantiated by later work. 
? Unequivocal interpretation of the above findings is not poss- 
ible since the tests used at different age levels were somewhat 
different; but it seems reasonable to conclude that for any particu- 
lar test the change in performance with age may vary markedly 
from one cultural group to another. In one the increment of test 
performance with age may be substantial, in another negligible. 
This must be mainly due to the demands of the cultural environ- 
ment, which dictate what shall be learned and at what age. 
If we accept this as the most plausible view, 
_ be drawn that those abilities that are of importa 
cultural environment, and that may be expecte 
performance in the important activities whi 
mands, are those which show 
It is possible that the abilities 
defines are fairly independent 
for success in, say, a ca 


the inference may 
nce in a particular 
d to correlate with 
ch the culture de- 
à pronounced increment with age.t 
which the ordinary intelligence test 
of the types of activity which make 
nal-boat culture, provided possibly that 
some minimal level is attained. It is possible that other abilities, 
if they could be defined, might show a marked increment with 
age, and be expected to correlate with the important classes of 
activity which make for survival in that culture. 

The usual tests of intelligence correlate with a wide variety of 
classes of activity in our ‘more privileged’ Western cultures. Such 
tests show substantial increase in performance with age until 
about the age of 17. We may speculate that tests which show a 

| small age increment may correlate only with very specialized 
types of performance, and be of restricted usefulness. 
If this line of inference could be substantiated, we would have 
available a criterion for the selection of tests which were likely to 
N prove useful in a particular cultural environment. We would select 


1. This hypothesis assumes a direct relationship between the abilities 

that a particular form of education fosters in the child and the demands 

_ that the culture imposes at the adult level. In the history of education many 

.. cases of incongruity exist between education and the changing demands of 
— a culture. Probably only in the most stable culture is a really high degree 
i of congruence attained. Incongruity may enrich a culture, may destroy it, 
|. Or may produce other effects. For example, if we impose our rather urbanized 
= System of education, with its great emphasis on verbal abilities, on isolated 
Newfoundland communities, either these communities may be greatly 


enriched or extensive migration may occur. The latter alternative is more 
probable. 
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those types of test material which had a high correlation with age ` 


and discard those which had a low one. Age would then be a 
general criterion for the validation of tests correlating with 
performance on important classes of activity demanded by a 
particular culture. 


Culture and Factor Theory 

There are implications for factor analysis in the theory proposed 
in this paper. The following observations are speculative and 
call for more elaboration and refinement than can be afforded 
here. 

The hypothesis of differential transfer which has been proposed 
implies that the factors or underlying parameters which transfer, 
and either facilitate or inhibit performance of a task, are not in- 
variant with respect to the stage of learning at which the task is 
performed. Although a task may appear on superficial inspection 
to be the ‘same’ at different stages of learning, operationally — 
in terms of factorial content — it may be different. Further, since 
the level of performance of a particular class of task may differ 
markedly from one culture to another, depending on the cultural 
dictum concerning what is learned and when, it follows that 
the factorial composition of tests may differ markedly from one 
culture to another. This simply means that, through learning, 
individuals in diverse cultures may bring different abilities to 
bear on the solution of an identical problem. Factorial invariance 
Presumably applies only within the framework of a clearly de- 
fined cultural group, and has no broad cross-cultural implica- 
tions, Were it technically feasible to construct a battery of tests 
Which could be appropriately administered to a random sample 


of adult subjects both in Toronto and in the Newfoundland - 


Outports, I have no doubt that we should find marked differences 
between the two groups in the factorial composition of many of the 
tests used. What we know about factors has reference to our own 
highly urbanized culture, which fosters the acquisition of certain 
Verbal and reasoning abilities; our knowledge should not be pre- 
Sumed to extend beyond this. 


The Problem of a General Factor 
Spearman (16) strove to show that a general intellective factor 
Operated in the performance of many mental tasks. Thurstone’s 
a9 attempt to disprove Spearman’s theory was not conclusive, 
Ince most of the factors in his classificatory system are corre- 
ated factors, The concept of a general factor is still with us. In 
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que light of present knowledge this concept derives from the fact 
that many abilities, identified factorially in some loosely defined 
domain of intellectual activity, are not independent of one 
another. As currently regarded, it does not imply that all the in- 
 numerable identifiable abilities within that domain are correlated. 
Limitations on the generality of a general factor are not clearly 
prescribed. 
A scrutiny of the general factor problem suggests that we must 
consider two aspects of it. We must account not only for the fact 
that many abilities are in some degree positively correlated with 


rrelated, or there 
ability proposed 
mer aspect of the 
re difficult. 
learning, with the 
life, occurs in a 
n individual will 


J ough this is undoubtedly an 
it does provide a simple and plausible 


Can we account for the 


lated, are none the less clearly differentiated? In approaching this 
problem we may observe that any attempt to explain learning and 
the formation of abilities by transfer alone leads to an obvious 
absurdity, since it cannot explain how early learning can occur 
at all. To escape this difficulty I propose a two-factor theory of 
learning. This theory states that much learning, excluding some 
very early learning, involves not only transfer components which 
are common to prior learning and the learning of a new task, but 


fact that many abilities, while corre- 
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also components which are specific to the new task. In terms of the 
factorial model, this means that variation in performance at 
various stages of a task can be accounted for in part by the varia- 
lion in prior acquisitions, and in part by specific abilities that 
emerge and are formed during the process of learning the task 
itself. I should anticipate that, as the learning of certain classes 
of tasks continues through a series of stages, the variance attribut- 
able to general transfer components may decrease, whereas the 
Variance attributable to abilities specific to the task itself, or 
Common only to the task, will increase. Further, it seems 
reasonable that variation in early learning can be accounted for 
much less by transfer than by other processes, since there are 
fewer prior acquisitions to transfer. In the adult, learning may be 
accounted for largely in terms of transfer and to a much lesser 
€xtent in terms of other processes. 

In sum, it seems to me that what happens is this. Some early 
learning must occur which is independent of prior learned ac- 
Quisitions. As the individual grows, learning is facilitated more 
and more by prior acquisitions. It is probable that transfer effects 

*come continuously and increasingly more important with age. 
In the learning of a particular task, transfer effects are probably 
Steater at the earlier than at the later stages of learning. Thus, as 
the learning of a particular task continues, the ability to perform 
it becomes gradually differentiated from, although not necessarily 
Independent of, other abilities which facilitate its differentiation. 

arning is clearly a process by which the abilities of man are 
differentiated from one another, but the process of differentiation 
1S aided and abetted by the abilities which the individual already 
POssesses, 

In Conclusion, therefore, we may account for a component 
Beneral to many abilities in terms of the operation of positive 
transfer, and for the differentiation of abilities in terms of the 
“arning process itself, which, according to the theory presented 
here, Operates in such a way as to facilitate differentiation, 


Summary 


In an attempt to draw together crudely within the same scheme 
* Study of learning and the study of human ability I have 
Yanced the following views. Different environments result in 
e Overlearning of certain patterns of behaviour, which, because 
€y are Overlearned, become more or less invariant with respect 
repetition or cessation. A crude limit of performance is reached, 

at is spoken of as an ability, in conventional psychological 
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Rage, has reference to performance at some crude limit of learn- 
ing. This applies to the abilities of the Thurstone System and to 
| whatever is subsumed under the term ‘intelligence’. Differences 
inability are the results of the complex interaction of the biological 
propensities of the organism, prior learning, and the age at which 
prior learning occurs. The role of human ability in subsequent 
. learning, for example, intelligence in relation to scholastic per- 
formance, can be viewed as a problem in transfer; the question is 
in what way prior overlearned acquisitions — the abilities — affect 
subsequent learning. Abilities may transfer differentially in any 
learning situation; that is, the abilities which transfer and pro- 
duce their effects at one stage of learning may be different from 
those which transfer and produce their effects at a 
the same task. An individual 


the methods. 

lications of the theory for problems 

TS in human ability are elaborated. 

ed leads to the inference that those 

ortance in a particular culture, and 

© correlate with performance in the 

nded for survival in the culture, are 
ounced increment wit 


re. The problem of a general 
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PA The Problem 


_A factorial design which is based on correlations between two 
(or more) occasions on one test on a series of persons is called 
‘T-Technique’ in Cattell’s (5) ‘Covariation Chart’. Cattell refers 
to this technique as a ‘ logically possible but as yet unused design’. 
. This remark seems not fully warranted since a good deal of the 
material reported in Royce's (11) article on *the factorial analysis 
of animal behavior’ is actually based on inter-trial correlations 
ina given learning task and therefore employs T-Technique. The 
method is however still recent enough to deserve exploration. A 
very convenient opportunity to do so is offered by the inter-age 


correlations of the California Growth Study reported by N. 
Bayley (1, 2, 3, 4). 


B The Analysis 


_ The present author has found himself in quite some suspense after 
. he had factorized the matrix of correlations which was presented 
by Bayley in 1943 (2) and which covered the ages from two months 
to seven years. More recently (3), a new matrix has become avail- 
able which extends up to 18 years (Table 1). This matrix resolves 
itself by means of Thurstone's centroid method into three factors, 
leaving only negligible residuals, none of them higher than 0:10 
and 83:3 per cent smaller than 0-06. Table 2 gives the unrotated 
and the orthogonally rotated factor loadings. In some 15 years 
of factorial work this writer has never seen a more beautiful set 
of factor loadings; i.e., one that shows as much regularity as the 
one presented here. The age-trends which are revealed by these 

. factor loadings are shown in Figure 1. 
Up to an age of 20 months it is predominantly Factor I that 
accounts for a child's achievement in the ‘intelligence’ tests. 
. From 40 months on this factor contributes practically nothing to 
_ the variance of the mental-age scores. From 48 months on the 
Variance can be accounted for almost entirely by Factor III. 
Between 20 and 40 months the dominant source of variation is in 
.. Factor II. 
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Table 1 
Correlations Between Age-level Standard Scores of Intelligence 
(Times 100)* 


Av. age 
No. (months) 1 2 3 4 S 6 7 8 9 10 if 1 13 


1 2 48 46 32 14 00 —13 —23 —15 00 06 03 09 
2 A 35] Jr 62 48 24 07 —16 —14 —04 02 —04 09 
3 8 m 76 65 42 25—01 01 07 13 06 21 
4 11 28 81 78 61 49 23 22 20 25 18 33 
5 14 10 67 8l 7I $63 s 

6 21 —04 39 70 73 5 

7 32 —09 22 45 54 80 72 

8 48 —21 02 27 35 49 2 

2 72 -13 02 20 30 50 70 82 

W 108 —03 07 19 19 37 38 71 

nou o 16 30 19 4 5 

12 180 —OI 01 23 09 45 46 70 

13 210 05 20 41 23 55 54 62 


* These scores are the means of standard scores for three consec 
test-ages. The correlations which can be re-computed from the rotated 
factor loadings are shown above the diagonal; the original correlations 
below the diagonal. The median discrepancy between the two sets of- 
Correlations is less than 2-0:03. č 


Admittedly, this is a meager basis for the interpretation of the 
nature of these three factors. With regard to Factor III it may 
be said that this factor represents what is commonly called in- 
telligence’, that is what the conventional tests 1n later infancy 
and in adulthood measure. During the first year of life this factor 
adds practically nothing to the variance of the mental-age scores, 


Table 2 
The Loadings of Three Factors on the Age-level Standard Scores of 
Intelligence (Times 100) 


Orthogonally Commins, 
Av.age Un- 'd loadings rotated loadings ality 
No, (months) 1 daar. Toad n 1 u m hë 
1 2 47 45  -48 03 43 
5 3 8 25 71 -28 —04 67 
3 è 53 14 gg -13 06 79 
4 n O —10 87 15 18 8t 
3 14 64 =a 80 46 10 86 
6 2 7 za 53 54 039 92, 
7 32 74 —48 35 6 50 79 
8 a8 — 68 —35 03 57 68 78 
19 7 79 Zio 00 36 90 94 
0 108 78 20 02 07 97 94 
i 144 — 80 25 08 02 96 93 
Bono 7 26 00 O00 — 98 96 
210 — 85 21 18 05 94 91 
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What comes to mind is, of course, Irwin's (9) argument against 
the description of children in terms of /Q's during the first year 
of life. Factor I shows a trend which we are already familiar with 
from Bayley's original study (1). She has demonstrated that the 


20 40 60 80 100 120 140 160 180 200 
age in months 


. Factor I. 


We feel less sure about Factor II which we have no chance to 
_ See operating at any given age-period without a broad overlap . 
ith either Factor I or Factor III. What may help us to makea 
| Somewhat better guess at the very nature of this factor is the way 
_ It loads on the performances of infants during the first year of - 
their lives. These loadings are clearly negative. During the same 
period while Factor I reaches its peak the loadings of Factor II 
change from negative to zero. This observation suggests that we 
look for a characterization of infant behavior that states the lack — 
of alertness in a positive way. With due reservation the term — — 
‘Persistence’ may be considered. Another line of reasoning which — 
. would probably come to the same or, at least, a related conclusion — 
could proceed from the observation that this factor reaches its — 
peak by the middle of the third year. This period is commonly 


referred to as one of ‘negativism’, ‘stubbornness’, or *contrari- - 


ness’ (Trotzalter). A tendency to act in accordance with an 
established set rather than upon interfering stimulation might well 


be the underlying cause of both phenomena. The same way A 


*sensori-motor alertness’ (Factor I) reflects itself in a highly 
flexible pattern of behavior we should expect ‘persistence’ 
(Factor II) to lead toward a rather rigid pattern. As it seems this 
rigidity is ultimately not overcome by an increase in sensori- 
motor alertness but by the emergent behavior pattern that charac- 
terizes Factor III. In a speculative vein one may feel tempted 
to identify this pattern with what Freud has called ‘provisional 
action’ (Probehandeln) or with the manipulation of symbols 
(abstract behavior’) or with ‘planning’, that is the anticipation 
of future actions in the present. This factor corresponds with 
Spearman’s ‘g’ but it is probably only due to the limitations of 


the data available in this study that Factor III impresses us as - 


being of a unitary nature. 


C Conclusion 
Our results indicate that the composition of the battery of tests 
used in the California Growth Study undergoes changes during 
the first three years of life but remains fairly constant from then 
On. In this way factor analysis tells us more about the diagnostic 
tools used than about the abilities of the subjects. We may assume, 
however, that these instruments reflect the prescientific notion 
of what ‘intelligent’ children are supposed to do at certain 
ages. It is with this respect that the developmental trends that 
have been demonstrated attain a meaning that transcends the 
Specific set of tests from which they were derived. | 

An alternate interpretation of our results is possible but to the 
Present writer’s mind not very probable. It could be argued, 


however, that the tests in the California battery afford oppor- - 


tunities to cope with them in several different ways and that the 
Composition of the battery itself remains constant from birth to 
Maturity, Our three factors would then stand for three principal 
Ways of responding to experimentally provided challenges. The 
developmental trends in the factor loadings would thus indicate 
Which method tends to be favored at a given age-level. 


ayley’s own interpretation of which we have made use with — 


Tegard to the identification of Factor I has been based on the 
assumption that the composition of the whole battery indeed 


Changes. Under these circumstances it is probably safe to dis- - 


Tegard the second alternative. We could ask ourselves, however, 
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whether the two interpretations which we have tried to outline 
are as a matter of fact incompatible. A rather strong case could 
be made, indeed, for the assumption that changes in the composi- 
tion of the test battery and changes in the ways of responding to 
these tests are only the two sides of the same medal. 

This leads us, however, into a semantic problem, i.e., the prob- 
lem of the varying connotations of ‘intelligence’ in everyday 
language as applied to infants and children. These connotations 
provide the criteria with regard to which test batteries have been 
assembled ever since Binet’s pioneering work. The term ‘an in- 
telligent child’ seems to refer to a lively (alert) infant at first and 
to a rather stubborn child at an age of three before it acquires the 
connotations which predominate all through the school-age. In 
talking about the development of ‘intelligence’ we actually refer 
to the switches from one connotational pattern to another rather 
than to unidirectional growth. To the extent that test batteries 
truly reflect the meaning of the term ‘intelligence’ as applied to 
infants and children the changing composition of such batteries 
indicates also the connotational changes which the term itself 


undergoes when used with regard to children of different age- 
levels. 


D Summary 


N. Bayley’s set of correlations between the mental ages from 
birth to maturity has been analyzed by means of Thurstone’s 
method into three statistically independent factors. The loadings 
of these factors show a rather definite trend pattern. In a tentative 
fashion these factors have been labeled: I. Sensori-motor 
Alertness; II. Persistence; III. Manipulation of Symbols. In the 
second decade of life it is practically only Factor III that accounts 
for the variance of the respective intelligence scores. The predictive 
value of so called ‘intelligence-tests’ administered before an age of 
four is rather doubtful. j 
The present findings seem to indicate that the term ‘intelli- 


gence’ when applied to children in everyday life covers different 
connotational patterns. 
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Intelligence and Experience 


Excerpts from J. McV. Hunt, Intelligence and experience, Ronald Press, 
1961, chapters 8 and 9. 


Before recapitulation, it remains to look again at some of the old 
concepts and at some of the old facts which have been interpreted 
to support the assumptions of fixed intelligence and predetermined 
development. These old concepts and facts remain. Is their mean- 
ing altered by the conception of intelligence as central processes 
comprising strategies for processing information that develop 
in the course of the child’s interacting with his environment? 
It remains also to re-examine the issue of the proportional con- 
tributions of heredity and environment to tested intelligence, to 
examine the predicted fall in the intelligence of future generations 
from the fact of differential fertility in the social-class structure, 


and to indicate the investigative, educational import of the theory 
and evidence reviewed here. 


The Meaning of Intelligence-Test Scores 
Semantics and logic 


Although the assumption of fixed intelligence has a basis in the 
history of thought, it is worth noting that it may have yet another 
basis in semantics and in the unwarranted generalization of cer- 
tain conceptual sets, On the semantic side, intelligence has com- 
monly been termed a dimension and has been seen as a dimension 
of a person. The tests of intelligence have been termed scales as 
if they were measuring a fixed dimension of the person or the 


=- person's behavior. Such terminology derives from the physical 


sciences where objects are constant, at least relatively so for 
most purposes, and where the systems of relationships among 
them are closed. Objects are constant, for instance, with respect 
to such dimensions as height, circumference, weight, volume; 
and shape, and this constancy is one of the concepts mediated bY 
the central processes that grow with experience. The systems O 
relationship among them are closed in the sense that, with the 
relevant conditions specified, certain events involving their re- 
lations always occur, as in the case of the law of falling bodies. t 

The application of such terms as dimension and scale may à 


' 
once tend to carry their meaning in the physical world over tO 
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the world of organismic behavior and to imply that the con- 
cept of constancy of dimensions is being generalized from static 
objects to non-static persons and their behavior. On the con- 
ceptual side, moreover, since persons change relatively slowly, 
especially in adulthood, it is easy to see how such conceptual 
Sets as object-constancy, quantity-conservation, and number- 
conservation would readily be generalized from the world of 
static things to the world of changing organisms and persons. 
Once change has come to be conceived to be a matter of mere 
appearances behind which exists a constant essence, it is no easy 
matter to distinguish essences which are in fact static from 
essences which are in fact changing. It is probable that un- 
Warranted generalization of conceptual constancy-sets is one 
factor behind the persistence of the belief in fixed intelligence. 
Fixed intelligence is a conception like the preformationistic 
notion that the bodily structure of a species is to be found within 
the egg or the sperm. Both rest upon such an ancient conceptual 
Constancy-set as ‘hair cannot come out of not-hair, nor flesh 
Out of not-flesh’ attributed to Anaxagoras of Clazomenae 
(Cornford, 1930) and which may be generalized as “no essence 
can be derived from something which does not include that es- 
sence’, Once one has acquired such a conceptual constancy-set, 
the idea that an essence like intelligence can change tends to pro- 
duce ‘cognitive dissonance’. And one tends to build defenses 
against such emotional disturbance. In the light of such con- 
siderations, calling intelligence a dimension and speaking of tests 
as scales may be unfortunate. Insofar as they may serve to reduce 
the dissonance that would come with recognizing the full im- 
Plications of the epigenesis in the development of intelligence, 
they may also obscure reality. 4 
In the light of such considerations, moreover, the assumption 
Of pre-determined development looks like a withdrawal from the 
untenable position of preformationism to the next redoubt. 
Exaggerating the degree of predetermination in development may 
gain one a defensive preservation of his constancy-set; he may 
thereby avoid the dissonance that would come from recognizing 
that organisms not only change but that the process of change is 
itself open-ended, In the words of Dobzhansky, the geneticist, “at 
any stage of development, the [phenotypic] outcome of the 
evelopment depends on the genotype and on the succession of 
environments which the developing organism has encountered 
Up to that stage.’ But more than cognitive dissonance may be in- 
Volved here. One implication of this idea that the development 
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— of organisms and persons isan Open-ended process puts a logic 
limitation on the predictive validity! of tests of — : 

measures of any personal characteristic. Recognizing such limita 
tion would disturb anyone who aspired to predictions from tests 3 
which have the supposed support of logical necessity. Prediction | 
in science, however, is always a matter of stating what will hap: i 
pen to given objects in a closed system for which the relevant 
conditions can be and are fully specified. It is this fact that makes > 
scientific prediction an essential criterion for understanding 
and for the correctness of predictions as formulated. It may be- 
come possible to formulate laws which predict the characteristics 

. that organisms with specified genetic constitutions will develop 


under specified programs of encounters with the environment. 
.. It would appear to be outside the realm of scientific possibilit: 
. however, to predict with precisi 


on the future characteristics or 
phenotypic fate of any organism from knowing merely its present 
= Characteristics, without being able to specify what any person's | 
. future encounters with his environment will be, attempting to 
predict his future behavior from test performances alone is at best. E 
m. At worst it smacks of occult 
iderations eliminate the support 
dictions of future behavior made. 


such contempora; the — 
_ training, or the qual rical work. For Cronbach’s usage, ot 
. time between the two performances (test to test, or test to criterion) is no* 

a matter of explicit consideration in the definition. 
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of the presence of such organizational structures as schemata, - 
operations, and conceptions. Intelligence tests consist essentially - 
of samplings of behavior. The vocabulary tests, for example, - 
sample the subject's knowledge of the meaning of words; ab- 
surdities test sample recognitions of the logical relationships 
among various concepts, and most other tests sample the subject's 
grasp of various relationships or whether or not he does educe 
various relationships. In traditional tests, what is sampled is 
typically named in terms of such skill categories as verbal or 
arithmetic skill. The attempts by factor analysts, including Spear- 
man's g, Thurstone's primary abilities, and Guilford’s factor — 
structures of intellect, to specify what is sampled yield what. is 
probably best conceived as systems of coordinates which simplify 
the comparing of people in their test-performance and perhaps 
facilitate making predictions about the efficiency of people? - 
These systems of coordinates, regardless of the names given to 
them, may — yes, probably — have little or nothing to do with the 
natural structures, schemata, operations, and concepts organized - 
within individuals that determine their problem-solving. It is the 
merit of Piaget to give attention to the natural structures of the 
central processes that mediate problem-solving. It is an intriguing 
Paradox, moreover, that, if the temporal order of appearance of 
the landmarks diagnostic of the structures proves to be fixed, 
his work will have produced the first evidence to justify what 
Might properly be called a natural scale of intelligence. That scale 
Will be ordinal in nature, and it will be based upon sampling 
behavior to determine the presence or absence of the various 
hierarchically arranged structures with their logical charac- 
teristics, 


Reliability and Validity of Tests 


The semantics of sampling behavior for signs of such structures as 
Sensorimotor schemata, operations, and conceptions do no 
Violence to the facts concerning the reliability and validity of 
Intelligence tests, Intelligence-test scores are reliable chiefly in 
the sense that the individual’s rank in a group as determined by 
4 part of a test (split half) or by one test approximates his rank 
in that group or in another comparable group as determined in 


E This is, of course, but one point of view, the one held also by Anastasi, — 

Mi Thomson, Vernon. Against this view are the arguments of Cattell, 

P ord, Holzinger, Kelley, and Thurstone for the notion that the factors — 
genuine causal entities. 
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the same fashion. Insofar as the central structures mediating in- 
telligent behavior change only gradually, their presence at one 
time should indicate their presence again at another time if the 
two times are not too widely separated and no encounters with 
circumstances have intervened that force radical changes in them. 

Validity is a term with various meanings. Two of these mean- 
ings are especially relevant. First, criterion validity: Test-scores 


may be said to be valid in the sense that the rank of an individual 
in a group derived from his 


sampling of structures does no 
as the structures of central pro- 
te intelligence generalize across 
w them in the test situation should 


Test-scores may also be said to be 
n a group at one time as determined — 
approximates his rank in that group. 

at a later time, as determined by his per- 
is is the kind of validity involved when an 


pect from the conception of intelligence aS 
central structures developed in the course of child environment 
Interaction, with the role of heredity being that of setting limits. 


Constaney and fluctuations of DQ and IQ 


The DQ and IQ are rates of development, at least for children, 
if not for adults, They do not, however, describe the absolute rate 
of change in intelligence Structures per unit of time. Rather, theY 
are rates relative to age which provide chiefly a scale for the com- 
parison of individuals, In any absolute sense, the rate of change 
in schemata and intelligence structures is largest during the early 
months of life, and it drops off thereafter. In this slowing process: 
the development of behavioral structures follows a course resem- 
bling that of the embryological development or morphologic 1 
Structures. The notion of fixed intelligence implies that individua 
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the IQ from successive testings of individual children in such 
longitudinal studies as the Berkeley Growth Study, fail to show 
the constancy to be expected from the notion of fixed intelli- 
gence. While the developmental rate is high during the preschool 
years, great variability in scores from successive testings is not 
uncommon. An appreciable degree of constancy emerges only 
after about five when the developmental rate has slowed greatly 
and when going to school brings a relatively common program of 
environmental encounters into the lives of children. 

While the fluctuations of DQ’s and IQ’s during the early years 
are highly embarrassing to the assumption of fixed intelligence, 
and also to that of predetermined development, unless one makes 
with Goodenough and Maurer (1942) the additional ad hoc 
assumption of predetermined patterns in rate of development, 
they are entirely consonant with the notion of intelligence as 
central processes developing as a function of the child’s inter- 
actions with the environment. Moreover, in view of the fact that 
any pair of parents may have attitudes and child-rearing prac- 
tices which foster very rapid rates of development at some 
stages and interfere with development at other stages, one might 
expect that a child would be quite advanced at one stage and 
retarded at another during these early months and years. Murphy 


has pointed out that there is a constant interaction between the 


mother’s personality and the characteristics of the young infant 
and child. She has written, for example, that 


- in infancy, that protective mother may give the child a great deal 
Of satisfaction (and we might add variety of stimulation) if she is the 
ind who is protective because she is fond of babies and gets a great 
deal of satisfaction from them. But at the age of expanding locomotion 
and exploration (when the child needs to throw things and to indulge in 
activities that might apparently be harmful both to himself and to 
Valuable things), the over-protective mother becomes an inhibitor 
and deprives the child of opportunities which he needs to use his new 
abilities ||, the excessively scientific mother (on the other hand) 
Who deprives the child of emotional satisfaction at the infancy level 
May, by contrast, give the child more approval and emotional satis- 
faction at the locomotor period, because she is pleased by the new signs 
of independence (p. 658). 


Such Considerations suggest the possibility of discovering im- 
ponent relationships between the age at which Piaget's behavioral 
andmarks appear, if they do constitute a genuine ordinal scale, 
and the manner in which parents manage their children at various 
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- s 
stages of development. It is just possible, for instance, that the- 
negative correlation that Bayley (1954) has found between DQ's 


and IQ's in children of less than a year in age and the educational. 
level of parents may result fr 


rearing that has been comm 


> 
S 
cance for future intellectual level, 
The notion th 


intellectual stru 


OU E “> hd 


predictive validity could be expected only by assuming fixed 
intelligence and predetermined development. Otherwise, as 
already noted, prediction would be impossible without under- 
standing fully all the influential factors in the child-environment 
interaction and without being able to specify completely the 
program of encounters that the child will have with the environ- 
ment throughout the period between testing and the determina- 
tion of final level. Insofar as the infant tests indicate what the 
child can do at a given time, insofar as they indicate the struc- 
tures which are present at a given time, they are entirely valid. 
Insofar as the DQ and IQ represent the appearance of genuine 
capacities relative to age, they are also valid. These structures 
should generalize from the testing situation to criterion situa- 
tions, but unfortunately criterion situations have seldom been a 
consideration in the preschool years. The meaning of validity has 

been limited to predictive validity. If they are seen as having 

criterion validity, the infant tests may also be seen as potentially 

sensitive indicators of the effects of various kinds of environ- 

ments. On the other hand, for such purposes, it may be wiser to 

use such natural landmarks in behavior as Piaget has un- 

Covered. 


Heredity versus Environment í 
Ever since Francis Galton pioneered with the use of twins to 
Compare the relative influence of heredity and environment in 
the causation of various traits efforts have been directed chiefly 
toward assessing the proportional importance of each. Thorndike 
attempted to answer this question with respect to intelligence in 
5 classical application of correlational methods to the study of 
the differences in the intellectual achievement of twins. In 1913, 
Moreover, he indicated that, while in one sense nothing in hu- 
man nature is due either to heredity or to environment, ‘in 
another sense, the most fundamental question of human educa- 
tion asks precisely that we assign separate shares in the causation 
of human behavior to man’s original nature on the one hand and 
his environment on the other’. Some twenty year: s later, Shuttle- 
Worth saw the problem of selecting methods of improving the 
health, intelligence, and general welfare of mankind to be depend- 
ent upon an answer to this proportion question. In 1941, Wood- 
Worth echoed the same view in the introduction to his critical 
Survey of the studies of twins and foster children. Very recently, 
Cattell (1958) and his collaborators have expressed his view again. 
ithout doubting that both the genes and the series of encounters 
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with the environment during development influence individual 
differences in tested intelligence, one can have grave doubts about 
both the method by which answers have been sought to this 
proportion question, about the answerability of the question, 
and about the strategy of asking this particular question. 


Samplings of the traditional view 


In a competent review of the studies which have attempted to 
answer this proportion question, Jane Loevinger (1943) has 
credited Fisher with introducing the statistical model and tech- 
nique for answering the proportion question. Using the correla- 
tions between relatives (identical twins, siblings, foster children, 
etc.), he assumed additive Mendelian factors as the hereditary 
causes of the physical traits in which he happened to be interested, 
and he assumed that the effects of the environment would be 
added to the effects of heredity. Fisher, moreover, used the ratio 
of variances, now familiar as F, to assess the proportional con- 
tributions. The proportion of variance attributable to heredity, 
for instance, is the ratio of the variance contributed by indicators 
of the hereditary factor to the variance in the trait concerned; 
here the trait is some measure of intelligence. Since the F-Ratio 
of the variance of the differences between pairs (of identical 
twins, foster children, etc.) in test-score or IQ to the variance for 
the whole sample of paired individuals is equal to twice the com- 
plement of the coefficient of correlation between the pairs (V;/V. 
sample — 2(1 — r), where d refers to the pair differences, and 7 
refers to the correlation between the pairs), correlations can be 
used directly in such analyses. In some instances, moreover, the 
Square of the coefficient of. correlation, which states the variance 
common to the correlated variables, has been used to assess the 
variance attributed to the special factor the two have in common- 

In one approach, which has yielded two of the most widely 
quoted answers to the proportion question, Burks (1928) and 
Leahy (1935) compared the correlations obtained from foster- 
children and from biological children with various indicators of 
the inter-familial differences in the intellectual value of their 
homes. Using father's IQ, mother's IQ, material advantages of 
the home, cultural advantages of the home, and income (i.e. O 
foster parents, for foster children, and of biological parents for 
their children), Burks got multiple correlations of --0:42 for the 
foster children and +-0-61 for the biological children. She wrote 
*...the square of this (former) multiple (0-17) represents the 
variance of children in ordinary communities that is due to home 
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environment’. Squaring the latter coefficient, she got 0-37 as the 
proportion of the variance which ‘represents the combined effect 
of home environment and parental mental level . . .’. This latter 
proportion leaves 63 per cent of the variance not accounted for. 
Inasmuch as only one-half of the chromosomes:of each parent are 
present in a child, however, Burks inferred that the correlation 
between the IQ's of children and their parents would under- 
estimate the true correlation between intelligence and heredity. 
She therefore considered that the major share of this residual 
variance would be due to genetic constitution, and so concluded 
that *close to 75 or 80 per cent of the IQ variance is due to innate 
and heritable causes’. Leahy did not use multiple correlation, and 
the corresponding coefficients that she obtained were +0-23 
(foster children with foster parents and homes) and +0°53. The 
same procedure yields estimates of 5 per cent of variance in IQ 
attributable to environment and over 90 per cent to heredity. 

In a second approach, Wright devised the method of ‘path 
Coefficients’ for this same purpose. His approach assumed that 
the variance in an effect variable is equal to the weighted sum of 
the variances in a set of causal variables. From the correlations 
between the effect variable and measures of several related factors, 
he computed the weights that he called ‘path coefficients’. The 
Squares of these weights were then taken as the proportional 
Contributions of the cause of the variance in the effect variable. 
After finding fault with Burks’ (1928) analysis, Wright (1931) sug- 
gested as an alternative a procedure based on the fact that parents 
intelligence is a variable correlated with the other variables in 
Burks’ biological families but uncorrelated with heredity in the 
foster group. Using the two sets of correlations between child 

Q and parent IQ to solve for the unknown correlations with the 
Postulated ‘heredity factor’, Wright developed ‘path coefficients 
from which he concluded that home environment contributed 
approximately only 9 per cent of the variance in IQ, and he 
assumed that the residual 91 per cent should be attributed to 
error and to heredity, with error getting but a very minor share. 

In a third widely quoted approach, Newman, Freeman, and 
Holzinger (1937) explicitly limited their answer to the propor- 
lion question to fraternal twins reared together. Because the 
Bene patterns of identical twins are identical, they assumed that 
any differences between the pairs must be attributed to environ- 
Ment. In essence they developed from the formula relating 
Variance to correlation a method of subtracting the variance of 
the differences attributable to environment, between pairs of 
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identical twins, from the variance of the differences between 
fraternal twins, and then determining the proportion that the 
remaining variance of the differences between pairs of fraternal 
twins was of the total variance among their sample of fraternal 
twins. This was achieved in their formula for /? (4? = (w — ml 
(1 — jr)), (where ,r is the coefficient of correlation between identical 
twins, and where ;r is the correlation between fraternal twins). 
For their sample, the proportions of variance thus attributed to 
heredity in fraternal twins reared together ranged from 0:65 
for Binet mental age to 0:80 for Otis IQ. 

From such types of evidence come the commonly quoted 
statement that 80 per cent of the variance in tested intelligence 
can be attributed to heredity, only 20 per cent to the environ- 
ment. 

Recently efforts have been made to refine the analysis-of- 
variance model for answering the proportion question. Cattell 
(1958) designates four sources of individual differences: (1) 
between-family environmental differences, (2) between-family 
hereditary differences, (3) within-family environmental differences, 
and (4) within-family hereditary differences. He contends that it is 
these variances and their interactions that need to be taken into 
account in the predictions that the clinician and the educator 
must make. 


Existing conditions versus potential conditions and tlie proportion 
question 

So long as the goal is obtaining a general answer to the propor- 
tion question, efforts to refine the statistical model are irrelevant 
to the contention that various classes of hereditary and environ- 
mental variance are what need to be taken into account by the 
clinician and the educator. There is no general answer to the pro- 
portion question, and any educational or welfare policies formed 
on the basis of any given answer purporting to be general are 
likely to have unhappy consequences. 

Although such geneticists as Hogben and Haldane and such 
investigators of the genetic factor in human intelligence as Schwe- 
singer and Newman, Freeman and Holzinger (1937) have warne 
against seeking a general answer to the proportion question, the 
effort to find one seems never to die, and those answers available 
get implications attributed to them which they do not have 
Although Woodworth (1941) made several still highly pertinent 
and useful suggestions for future research on the roles of heredity 
and environment, he, for instance, also included among the con- 
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clusions of his review of attempts to answer the proportion 
question from the studies of twins and foster children the state- _ 
ment that *not over a fifth, apparently, of the variance of in- - 
telligence in the general population can be attributed to differences 
in homes and neighborhoods acting as environmental factors’ 
(p. 85). Following the assumptions underlying the sort of con- 
tentions about what needs to be taken into account by clinicians 
and educators attributed above to Cattell, this statement has been 
used to justify the estimate that no matter what might be done _ 
in the way of manipulating a child's encounters with the environ- | 
ment during the course of his development, one could not expect 
to modify his IQ appreciably, and certainly not by more than 
about 20 per cent of the variance in IQ to be found in the popula- 
tion. The available data provide no justification for such an - 
estimate. Leaving aside the appropriateness of the analysis-of- 
Variance model, so long as samplings are based on any given set 
of existing conditions, the answer to the proportion question — 
Obtained from them says nothing about what answer might be | 
Obtained from another set of conditions. , 4 
Inferring from existing answers to the proportion question 
Clinical or educational policy assumes that samples of the exist 
ing variation in the conditions of heredity and environment are — 
Statistically representative. They are probably not representative. 
for heredity, and they definitely cannot be representative for the a 
environment. The fact is that between-family and within-family - 
Variations in environment within the full range of the social - 
Classes in the culture of America constitute but a small part [D 
the variation that has existed historically on the face of this earth. 


Moreover, if the assumptions that intelligence qd one E 
at development is largel redetermined are discarded, an i 
F aie to the task of manipulat- - 


behavior scientists devote themselves t t 
ing the encounters of children with their environments to maxi- 
Mise their potential for happy intell 
What the limits are? It is inconceivab 
Y any given set of existing conditions. + 
In order to simplify this point, consider the potentialities for 
Variance in Binet IQ attributable to environmental conditions in 
the case of identical twins, where heredity is held constant. From 
€ work of Newman, Freeman and Holzinger (1937), one finds — 
he correlation between the IQ's of identical twins reared together 
to be +0-88. According to the formula for relating variance ratio -. 
© correlation presented above, the proportion of variance attribu- 
table to environment would be 24 per cent (i.e., 2(1 — 0-88)). 
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From the same study, when the IQ's of identical twins e 
apart were correlated, the resulting coefficient was 4-0:67, an 
the variance attributable to environment became, by the same 
logic, 66 per cent. Now, suppose that one obtains a sample of 
identical twins in which one of each pair is reared in a family while 
the other is reared in an orphanage like the one Dennis found in 
Teheran, what will the proportion attributable to environment 
become? Any answer would be pure conjecture, but it could be 
expected to drop further. If the interaction between heredity and 
environment, a factor assumed to be omitted by the analysis- 
of-variance model, is not great across such a contrast in environ- 
ments, considerable correlation might continue to be evident, 
and the main evidence of effect might show in that the difference 
between the pairs would drop considerably. Now again, suppose 
that one obtains yet another sample of identical twins in which 
one is reared in such an orphanage while the other is given an en- 
riched program of encounters with the environment such as 
McGraw arranged for her trained twin, Johnny. What will the 
correlation between the IQ's of these twins be? 

It is obvious from such considerations that the answer to the 
proportion question depends upon the environmental conditions 
sampled, and that the potential range of variation in environ- 
mental conditions is limited only by the inventive genius of be- 
havior scientists. Since such genius grows as it feeds upon the 
results of its efforts, the potential range is not specifiable. On 
these grounds alone, there is thus no general answer to the pro- 
portion question. 

It is obvious also from such considerations that any policies 
concerning division of effort in the clinic or the classroom based 
on the commonly quoted answer of a 20/80 percentage split be- 
tween environment and heredity would be quite wrong. Even if the 
figure has the meaning for the general population that Wood- 
worth (1941) attributed to it, this does not mean that intellectual 
development is predetermined by the genes, but rather, given the 
existing culture of the subjects used in the studies of twins and 
foster children, children's encounters with the environment 
during their development is sufficiently similar in its growth- 
evoking capacity to yield this figure. On the side of reducing 
the variation of stimulation, it is clear from Dennis’ observations 
of children in the orphanage in Teheran that the appearance O: 
the walking schema can be delayed by at least from age two to 
age four, a DQ shift of 50 points. On the side of manipulating 
children’s encounters with the environment from birth on to maxi- 
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mize intellectual growth, who knows what might be done? 
Various bits of evidence reviewed here indicate that substantial 
increases in intelligence as now measured may be possible. The 
important question for educational policy, the important question 
for the welfare of man now living in technological cultures that 
demand a higher proportion of people with high capacity for the 
manipulation of symbols in problem-solving, is to determine 
what the potential for increasing intellectual capacity may be. 
Answers to the proportion question based on an analysis of the 
variance within any sampling from the status quo have no bearing 


on this potential. 


Critique of the analysis-of-variance model 

But answers to the proportion question based on the analysis 
of the variance in tested intelligence attributable to heredity and 
environment are suspect also on the grounds that the analysis-of- 
Variance model fits the data from the heredity-environment 
relationship too poorly to permit a meaningful answer. As Fisher 
Constructed it, and as Dunlap and Cureton have pointed out, this 
model is based on the principle that the variances from heredity 
and environment are additive and without interaction. As 
Loevinger (1943) has put it, ‘this principle states that if the score 
9n the dependent variable is the sum of scores on a set of inde- 
Pendent variables, then the variance on the dependent variable is 
the sum of variances on the set of independent variables’. How 
Well does this principle fit what is known from various other 
Sources about the operation of heredity and environment? 

Oevinger (1943) has answered this question, and the present 
Writer believes correctly, by saying ‘that (1) the additive assump- 
tion Concerning the causation of intelligence 1s ambiguous in 
Meaning, (2) is not supported by the known evidence, and (3) 
leads to no results capable of verification’ (p. 746).* 

TI he additive assumption is ambiguous in meaning, first, because 
neither heredity nor environment operates directly on behavior, 
and certainly not directly in the terms of the various scales by 
Means of which they are assessed; and second, because it is un- 
kely that intelligence, heredity, or environment are properly 


fori It should be noted that this critique of the model does not condemn it 
able ie as a method of testing the statistical significance of variance attribut- 
Neithe specific variations of either hereditary or environmental influences. 
Y er does it condemn itsuse as a way of estimating the relative proportions 

€ total variance in a given set of intelligence measures that can be 


attri T : n 
tributed to specific variations of hereditary and environmental influences, 
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regarded even as scales, not to say scales based upon family 
income, the vocabularies of father and mother, the Whittier 
scale, etc. 

The genes must operate indirectly through a chain of mechan- 
isms. Beadle has assembled evidence that appears to indicate 
that each of the various genes controls a biochemical step in 
metabolism. How many steps there may be in the chain of in- 
fluence between biochemical steps in metabolism and mental age 
or the IQ no one knows. Even in the case of maximal directness; 
as in the case of phenylpyruvenic feeblemindedness where the 


noteven a topic 
genetic basis in 


readily than rats. 
be expected to g0 
unknown number. 


curve of probability, but how tl. 
in the analysis-of- 

The environme 
modations at the 


have little that is non with the performances 


pace was taken in Chapter 7 to discuss tbe 

à child's schemata with the environment 
ach stage to maximize the rate of the child's 
ent. Until this problem is solved, it is im- 
environments meaningfully in terms of their 
ellectual growth. Moreover, Fuller & Scott 
have shown that one class of environmental encounters, wherein 
à standard is enforced, serves to reduce variance among either 
individuals or strains. Another class wherein each individual 
moves to a new levelas soon as he has acquired the old one, serve? 
to expand individual differences. Just how two such disparate 
Programs of environmental influence can be meaningfully PU 
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onto the same interval continuum is unclear. Furthermore, what 
relationship the effective encounters that children have with 
their environments may have to do with such matters as family 
income, father’s vocabulary, mother’s vocabulary, and scores on 
the Whittier scale for home grading it is impossible to specify. 

In sum, to say that the additive assumption is ambiguous when 
applied to the influence of heredity and environment on the 
development of intelligence constitutes an understatement of 
large degree. 

The absence of interaction between heredity and environment 
implied by the additive assumption is not supported by the 
available evidence. Absence of interaction would mean that any 
given heredity would have the same force in the production of the 

Q regardless of the kind of environment, and vice versa. Ever 
Since Johannsen, whom geneticists rank with. Mendel as a 
Progenitor to the science of genetics, did the classic work that led 
to the distinction between the genotype (referring to the constella- 
tion of genes in the organism) and the phenotype (referring to the 
Organism's observable characteristics at any given time), evi- 
dences of interaction between the genotype and the organism s 
e unters with the environment have been accumulating. 
ogben, for instance, cites the experiment ot 
fruitfly (Drosophila) showing that the curve which expresses the 
dependence of the number of eye-facets on the temperature at 
Which the larvae are raised varies with the genotype. Thus, while 
Increasing the temperature tends to reduce the number of facets, 
the reduction that occurs over temperatures ranging from 61 
1025? C is about five times as great in one genotype as in another. 
In another instance, Sinnot, Dunn, & Dobzhansky cite Rappo- 
Port’s discovery that when the larvae of typical brown vinegar 
ies (Drosophila melanogaster) are fed food containing silver salts, 
they develop into yellow flies which cannot be distinguished from 
a yellow mutant found by Morgan in 1910. When Morgan’s 
Yellow mutants are raised on food containing silver salts, they 


also become yellow flies anyway. . 
Even such i fi undamental characteristic as sex can be altered by 
€ Conditions under which development occurs. Atthe University 
Of Illinois, William Horsfall has got phenotypic female mosqui- 
foes from genotypic male larvae by exposing them continually 
© a temperature of 29° C. This transformation occurs in Aedes 
Stimulans, a snow-pool mosquito common to northern latitudes. 
temperatures up to 24? C, the larvae of genotypic males develop 
ntennae, palpi, mouth parts, external genitalia, accessory glands, 
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seminal vesicles, vasa deferentia, and testes that are normal in 
appearance and function. When the larvae of genotypic males are 
reared in a temperature of 29* C, they become like females in all 
respects except for slight differences in palpi. Internally, these 
genotypic males that have developed into phenotypic females have 
ovaries, oviducts, and spermathecae, and they lack testes, vasa 
deferentia, seminal vesicles, and bilobed accessory glands. Their 
ovaries have globular egg chambers indistinguishable from those 
of young genotypic females. Moreover, the fact that eggs have 
been observed in the process of development suggests that these 
genotypic male but phenotypic female parts may be functionally 
as well as morphologically transformed. Abnormally high 
temperatures have no effect on the development of genotypic 
females, and the degree of effect upon genotypic males is a func- 
tion of the duration of exposure. Neither do such temperatures 
affect the genotypic males of species of mosquitoes that ordinarily 
develop in higher temperatures. Clearly, interaction. between 
genotype and environment has been demonstrated in the case of a 
variety of characteristics, and even including such a fundamental 
one as sex. 

In the case of intelligence, several of those who have used the 
statistical procedures based on the additive assumption have also. 
argued, and inconsistently, that the influence of the environment 
may vary with the individual's genetic endowment, In this in- 
consistency, the argument appears to be more correct than the 
choice of statistical procedure, for wherever children are given an 
opportunity to proceed at their own speed in learning such @ 
subject as mathematics, where cach Step builds upon earlier 
acquisitions, individual differences in achievement increase. Such 
has been the experience in the project of the University of Illinois 
Committee on School Mathematics. In such an environment, 
those who lag soon drop out with feelings of failure. Contrari- 

1. This program is under the direction of Professor Max Beberman- 
Even though the students in the p 


academic ability and high academi 
others that it has been necessa, 


u - Thus, as 16-year-old high school seniors 
they will be doing the level of 
get to only when they are colleg, 
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Wise, when teaching proceeds by lock step, the bright may get 5 
bored, lose out from lack of motivation, and then get the feeling 
that they do not like and cannot do mathematics. This is a 
Matter of the match between environmental encounters and cen- 
tral structures discussed in Chapter 7. Inasmuch as such inter- 
action between genotypes and environments in the production of 
Phenotypes appears more likely to be the rule than absence 
Of such interaction, it follows that there is an indefinite number 
Of answers to the proportion question, and therefore, no answer. 
_ Paradoxically, the way in which to maximize the roleof heredity — 
in the IQ would not be to standardize the environment; it would 
be to individualize the encounters that each child has with his 
environment in such a fashion as to maximize his potential for 
growth. The resulting variation in children's intelligence would 
then be completely a function of their genotypes. As already 
Seen, it would tend to increase individual differences. 
The verification of any proposition purporting to state generally : 
the contribution of heredity or environment to the IQ demands, v1 
as Loevinger (1943) has pointed out, that it be possible to replicate | 
the effective conditions of both heredity and environment. ; 
Replication, she notes, would mean that any two persons p. 
Siven age with heredity of, say, 0:7 standard deviations above bx 
mean and environment of, say, 1-2 standard deviations above i e 
mean would be alike not only in heredity but in envir er 
and in interaction between the two. But since the LK ae 
credity and environment now used say so little about what 
elsewhere are conceived to be the effective aspects of either 
eredity, the constellation of genes, or environment, the child's 
encounters with the circumstances of his life in the course of 
development, it becomes impossible to replicate the effective 
Conditions, Y f 
In sum, in spite of the recent efforts to improve the analysis- 
Of-variance model, using it to get a general answer to the ques- 
tion about the proportions of variance in intelligence caused by 
eredity and environment is about like using a bulldozer to 
Study the details of the topography of an area. Or, when one con- 
Siders the matter of making policy decisions concerning education, 
child-rearing, and clinical work from such general answers, 
Perhaps it is worse. Perhaps using the model for a general answer 
1S more like attempting to ascertain the ideal topography of an 
area by going over the existing details with a bulldozer while giv- 
NE no thought to what those details might become. 
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More appropriate questions 


It appears that Thorndike's (1913) question about the proportion- 
ate shares of heredity and environment in the causation of in- 
telligence is an unfortunate one. A more sensible strategy is to , 
ask specific questions which are of significance either for pro- 
grams of education, child-rearing, and human welfare in general, 
or for specific issues in the theory of human development and 
human nature. D 

To questions significant for educational planning and human 
welfare belongs the one about how much the intelligence of the 
feebleminded children can be elevated by such special programs 
of environmental encounters as come in nursery-school ex- - 
perience. Kirk (1958) has asked this question and obtained one 
answer in a carefully conducted study. This one answer, of course, - 
is a function of the particular nursery-school experiences sup- - 
plied. Some 81 retarded children, aged between three and six and- 
With 1Q’s between 45 and 80 were identified and studied over a. 
period of years. A group of 28 attended a special nursery-school | 


in the community and were followed up with tests and observa- - 
tions from three to five 


; and these were followed up after dis- 
charge from the school eit 


or to the community. A th 
IQ, and social status to th 
in their communit 
School. A fourth g 
second institution 
stitutional enviro 
of these lati 


were those children who got the Special nursery schooling, ano 


they were also followed up after they entered primary schools ^t 
the age of six. The evidence was processed both as case studies © 1 
the various experimental children and in terms of statistic 
comparisons of the two groups that got nursery schooling with — 
the two contrast-groups that got none. The over-all effects of the 

nursery schooling on these retarded children were positive. Of the 
43 retarded children who received the nursery-school experience. 

30 (70 per cent) showed an acceleration in rates of intellectu? 
growth ranging from 10 to 30 points in IQ. The over-all average 
increase in IQ for the experimental groups was greater than that 
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for the contrast groups (p « 0:05). Moreover, and this is an im- 
portant item, the children retained the accelerated rates of growth 
established during the nursery-school experience during the 
follow-up period of from three to five years. Such findings indicate 
that society would not be wasting its time to supply nursery- 
School experience for retarded youngsters of the pre-school age. 
For instance, six of the 15 children in the institutional nursery- 
school gained enough to permit them to be placed in foster homes 
in the community with apparently good adjustments, whereas not 
one of the 12 contrast children could be placed. Inasmuch as the 
United States Public Health Service has estimated that committing 
a child to an institution for the retarded at an early age and. 
keeping him there for life costs the state approximately $50,000, 
an institution could apparently save a S p 
employing one nursery-school teacher for each five such children, 
even if only one instead of two out of five were placed after 
nursery-school experience of two or three years.! But this experi- 
ment also has some theoretical significance. ]t adds, for in- 
stance, another item of evidence against the notion that rates of 
growth are irrevocably fixed by inheritance or by the conditions 
of the organism at the time of testing. On the other hand, 30 
Per cent of the children failed to gain from the nursery-school 
experience. Would other approaches in nursery-school affect 


them? How are they limited? 3 
Especially important for both educational practice and theory 
of human development and nature are questions, as Anastasi 
has pointed out, about how both the genotype and the environ- 
ment operate to produce such phenotypical characteristics as in- 
telligence, At the present stage of behavior science 1n this area, 
Strategy still concerns what kinds of factors make a difference. 
us, on the environmental side, it is important that Pasamanick, 
Knobloch and Lilienfeld have found that various deficiencies of 
Maternal diet associated with socioeconomic level can produce 
Complications of both pregnancy and parturition which result in 
Intellectual retardation and behavioral disorders in offspring. 
is important that Harrell, Woodyard and Gates (1955) have 


ainst cost can be applied more 


l. The matter of weighing ability ag c à 
tudy in which he has compared 


oadly. Graffam has made an interesting s! 1 

€ mean scores of large random samples of 18-ycar-old Navy recruits from 

€ Northeastern, Western, Middle Western, and Southern regions of the 

E on the Navy's classification tests, with emphasis on tests of reading, 

5 metic, reasoning, and spelling. The mean performance for cach region 

appears to be a function of educational opportunity as indicated by the 
mount of money spent per child for education. 
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found evidence that supplements for maternal nutrition M k 
whose diets were known to be deficient resulted in SED — ~ 
higher IQ’s in their offspring at ages three and four than y 
found in the offspring of control mothers not given the "D 
ment. It is important that Milner (1951) has found d 
readiness in the first grade to be a function of opportuna 
for verbalization at home. On the genetic side, it is importan | 

i 

1 


that Jervis (1939) has traced some of the mechanisms whereby 
the gene that controls the 


pyruvic acid in cerebr. 
It is important to lo 


enzyme which disposes of phenyl- 
al metabolism causes feeblemindedn M 
ok for the kinds of genetic factors tha 
indirectly, as Dobzhansky puts it, set the ‘norm’ or, in the ter m 
nology of psychological statistics, the ‘range of variation’ wit d 
which environmental circumstances determine the eventual ou a 
come. Hebb's A/S ratio may be one of these factors. Another may — 


T! 
reside in biochemical conditions which limit the readiness wit! [ 
which cerebral firing-s: 


Much of th 
showing that 
importance. I : 
gathered abo : 
fruitful, and so much remains to be learned about how encounters 1 
With the envi 


5 to the question of how are to be recognized. 4 
dina.» Dennis finding that the conditions of developer 1 
prevailing in a Teheran Orphanage increase the age at S 
carn to walk from a little less than two years — 
to more than four i 


T 5. One may hypothesize, for the purpose e 
future testing, that it is relatively unimportant that the E 
Systems established in those regions of the brain not immedia 
334 


-* on use of legs. Hebb may be essentially correct in his emphasis on 


involved with either receptor inputs or motor outputs be based | 


perceptual experience in primary learning. On the other hand, 
he may be missing the fact that both looking and listening in- - 
volve motor outputs as well as receptor inputs, i.e. the fact that- 
they are, as Piaget calls them, sensorimotor schemata. Perhaps it 
is true, nevertheless, that the visual and auditory schemata are — — 
of essential importance during the early months while the use of. 
the limbs is not. Perhaps it is only later after these early cerebral _ 
firing-systems have been established and such schemata as walking 
are already established that motor activities become important for 
future development. But this is not the place to go into detail. 
The point to be made here concerns the fact that it is by deter- 
mining how much rates of growth and the ages at which various — 
behavioral landmarks appear are displaced by various programs — 
Of encounters with the environment that one learns how ex- 
perience operates. Such questions, emerging from the view of | 
development as continuous organism-environment interaction, 
are markedly different from the traditional proportion question, 
and they promise to be much more fruitful. The answers should. 
bring the race to a new level.of adaptability. 


Summary and Conclusion 1 3 
The meaning of the old concepts and facts that have been inter- — 
preted to support the assumptions of fixed intelligence and pre- 
determined development change in the light ofthe new conceptions E 
of intelligence and the new evidence with respect to its develop- 
ment. * 

With respect to the assumption of fixed intelligence, it has been 
seen that the semantics of dimension and scale in the assessment 
of intelligence tend to lead to an over-generalization of the con- 
ceptual habit of seeing dimensions and scaled characteristics as - 
fixed attributes of static objects so that dimensionalized intelli- - 
gence and scaled traits tend also to be seen as fixed characteristics — 
of person and organisms. Because persons and organisms are 


Open systems in which change will occur as a function of un- 


specifiable future conditions, such transfer is unwarranted, and 
i purious semantic supports for 


it probably constitutes one of the s 1 t 
the assumption of fixed intelligence. The alternative semantics of — 
Sampling behavior for evidences of such organizational structures as _ 

schemata, operations, and concepts have been seen to fit the actual 5 
Procedures even of traditional intelligence-testing better than do 
thesemantics of dimension and scale. Moreover, it has been argued x 
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that the semantics of sampling for evidences of such organiza- 
tional structures also fit the facts of the predictive and the criterion 
validity of intelligence-test scores and also the facts of the incon- 
stancy of the IQ early in life, when epigenesis is rapid, and the 
relative constancy of the IQ after epigenesis slows down and after 
schooling tends to introduce a relatively standard program of 
encounters with the environment. 

With respect to the assumption of predetermined development, 
the finding that development of the swimming schema is inde- 
pendent of practice in swimming in the tadpoles of salamanders 
and frogs need not apply to the development of the central pro- 
cesses that mediate intelligent behavior in higher organisms. 
This lack of application results both from the fact that the swim- 
ming schema is one which requires little in the way of autono- 
from the fact that the A/S ratio for 
nd frogs is about minimal. Against 
the conclusion from Coghill’s work that behavior unfolds auto- 
uration are not only these theoretical 
observations of Kuo on the develop- 
bryos of chickens. Kuo’s work shows 


did practice on those skills, 
The question conce 


representative of all co 
inventing a new progra 
ren during their develo 


pment. Second, there is no general answer 
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because genotype and environment interact. Third, the answers 
available from the analysis-of-variance model are meaningless 
because this model fails to fit what is known about the interactive 
operation of heredity and environment in the course of develop- 
ment. Since no general answer can be got, and since the model 
upon which the commonly quoted answers are based is inappro- 
priate, educational and child-rearing policies decided on the 
basis of the obtained answers are almost certain to be wrong. 
Differential fertility across the social-class structure has been 
reinterpreted to appear less dire in its consequences, at least for 


intelligence, than has been contended. In fact, the negative cor- 


relation between family size and intelligence, which has commonly 
evidence of ‘the galloping 


been interpreted to be the most direct 

plunge toward intellectual bankruptcy’, is probably more reason- 
ably interpreted to be an environmental consequence based on 
the fact that infants in large and closely spaced families cannot get 
the same variety of stimulation that comes from individualized 
attention from adults as can infants in a small, widely spaced 
family unless there is the wealth with which to pay for nurse- 
maids. 

In view of the technological developments in Western culture 
during the past half-century, which demand that a higher and 
higher proportion of the population have a high level of ability 
to manipulate symbols in the solution of problems, probably 
the most unfortunate consequences of the assumptions of fixed 
intelligence and genetically predetermined development lie, 
first, in the encouragement they have given to the policy of leav- 
ing infants essentially alone during their early | 
they can grow undisturbed by excessive stimulation, and second, 
in the discouragement they have given to the investigation of the 
effects of various programs of child-environment interaction 
during the full course of development from birth to maturity. 

It is fairly clear from the evidence surveyed in these chapters 
that impoverishments of experience during the early months can 
slow up the development of intelligence. In terms of the traditional 
measurement of intelligence, this means reducing the IQ. 
Various bits of the evidence have strongly suggested that such 
slowed development is permanent, that it may result not only in 
a permanently reduced IO but in a failure of the basic criterion 
capacities of individuals to develop to the degree that they might 
have developed under other, more varied programs of encounters 
with the environment which were appropriately matched to the 
intellectual structures developing within the child. But much 
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that the semantics of sampling for evidences of such organiza- 
tional structures also fit the facts of the predictive and the criterion 
validity of intelligence-test scores and also the facts of the incon- 
stancy of the IQ early in life, when epigenesis is rapid, and the 


. relative constancy of the IQ after epigenesis slows down and after 


schooling tends to introduce a relatively standard program of 
encounters with the environment. 

With respect to the assumption of predetermined development, 
the finding that development of the swimming schema is inde- 
pendent of practice in swimming in the tadpoles of salamanders 
and frogs need not apply to the development of the central pro- 
cesses that mediate intelligent behavior in higher organisms. 
This lack of application results both from the fact that the swim- 
ming schema is one which requires little in the way of autono- 
mous central processes and from the fact that the A/S ratio for 
the brains of salamanders and frogs is about minimal. Against 

. the conclusion from Coghill's work that behavior unfolds auto- 
. matically with anatomic maturation are not only these theoretical 
considerations but also the Observations of Kuo on the develop- 
4 ment of behavior in the embryos of chickens. Kuo's work shows 
. quite clearly that organism-environment interaction in the control 
of development extends back into the early embryonic phase of - 
development. Against the early evidence that infantile depriva- 
tions and enrichments of experience have only Very evanescent 
effects is the fact that when the duration of such experiences has 
been increased, the effects show considerable permanence. Also 
against the conclusion from the evanescent effects of infantile 
practice in the early studies is the consideration that the practice 
and their effects concerned the same performance. The investi- 


» gators missed what is now a basic consideration in ‘primary 
. learning’, namely, that the everyday experiences of their non- 


practiced subjects may have had as much influence on the develop- 
ment of the central processes mediating the skills measured as 
did practice on those skills. 

The question Concerning the variance in IQ attributable to 
heredity and environment has been seen to have no generalanswer. 
First, there is no general answer because each answer obtained 
by way of analysis of the variance in the IQ for any given sample 
of individuals involves only an existing range of hereditary and 
environmental conditions. No such sample can be considered 
representative of all conditions 50 long as anyone is capable of 
inventing a new program of environmental encounters for child- _ 


ren during their development. Second, there is no general answer 
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because genotype and environment interact. Third, the answers | 
available from the analysis-of-variance model are meaningless - 
because this model fails to fit what is known about the interactive. 
operation of heredity and environment in the course of develop- 
ment. Since no general answer can be got, and since the mod 
upon which the commonly quoted answers are based is inappro- 
priate, educational and child-rearing policies decided on the 
basis of the obtained answers are almost certain to be wrong. 
Differential fertility across the social-class structure has been 
reinterpreted to appear less dire in its consequences, at least for - 
intelligence, than has been contended. In fact, the negative cor- - 
relation between family size and intelligence, which has common! 
been interpreted to be the most direct evidence of ‘the gallopin 
plunge toward intellectual bankruptcy’, is probably more reason: 
ably interpreted to be an environmental consequence based o 
the fact that infants in large and closely spaced families cannot ge 
the same variety of stimulation that comes from individualized | 
attention from adults as can infants in a small, widely spaced 
family unless there is the wealth with which to pay for nurse 
maids, : J 
In view of the technological developments in Western culture 
during the past half-century, which demand that a higher and ; 
higher proportion of the population have a high level of ability 
to manipulate symbols in the solution of problems, probably 
the most unfortunate consequences of the assumptions of fixed 
intelligence and genetically predetermined development lie, 
first, in the encouragement they have given to the policy of leav- 
Ing infants essentially alone during their early months so that 
they can grow undisturbed by excessive stimulation, and second. 
in the discouragement they have given to the investigation of the - 
effects of various programs of child-environment interaction 
during the full course of development from birth to maturity. - 
It is fairly clear from the evidence surveyed in these chapters . 
that impoverishments of experience during the early months can - 
slow up the development of intelligence. In terms of the traditional | 
Measurement of intelligence, this means reducing the IQ. - 
Various bits of the evidence have strongly suggested that such 
slowed development is permanent, that it may result not only in - 
a permanently reduced IQ but in a failure of the basic criterion 
Capacities of individuals to develop to the degree that they might — 
. have developed under other, more varied programs of encounters 
_ With the environment which were appropriately matched to the 
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remains to be learned about the degree of permanence in such fail- 
= ures to develop and about the conditions under which these 
.. failures become permanent. e 
. But there is also a positive side to the picture. It is highly un- 
` likely that any society has developed a system of child-rearing and 
| education that maximizes the potential of the individuals which 
compose it. Probably no individual has ever lived whose full 
potential for happy intellectual interest and growth has been 
p achieved. Various bits of the evidence reviewed hint that if the 
manner in which encounters with the environment foster the 
development of intellectual interest and capacity were more fully 
understood, it might be possible to increase the average level of 
. intelligence within the population substantially. In view of the 
. interaction between genotype and environment, it would be 
probable that individual differences would be increased, and 
that the biggest gains would occur in those genotypes with the 
_ highest hypothetical potential, There would be, of course, a long 
Step between learning how to effect changes in child-rearing and 
. getting them adopted by the culture, but learning how is the first 
Step. The hope of increasing the average level of intelligence by 
Proper manipulation of children's developmental encounters 
with their environments, a hope which becomes reasonable 
with the evidences surveyed here and with relinquishing the 
assumptions of fixed intelligence and predetermined development, 
provides a challenge of the first order. It has great implications for 
.. human welfare as the growth of technology in Western cultures. 
_ demands a higher and higher percentage of people who can 
y manipulate symbols and solve complex problems. In this challenge 
d the theory of man's nature and the fate of his welfare are ob- 
—. viously intertwined. 


I 

| Intelligence has been a topic of central concern for those seek- 
d 

1 


. ing to understand human nature. Even though tests of intelli- 
. gence and of the aptitudes derived therefrom have been of more 
practical help than tests of any other kind in selecting people for 
quality of performance in various situations, discussions of in- 
telligence have typically been marked by polemics. These pole- 
mics have usually concerned two of the beliefs or assumptions 
about intelligence that have dominated thought on the topic 
. from the turn of the twentieth century through World War II. 
. According to these two dominant assumptions intelligence is 
fixed and immutable, and the development of the individual's 
basic repertoire of responses and capacities is predetermined by 
__ his heredity. 
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The implications of these two assumptions spilled over in 
various directions. Intelligence came to be defined as ‘inherited 
capacity’, and it was looked upon as a basic dimension of an in- 
dividual person. The hope of improving man’s lot was shifted 
from the euthenic strategy of improving his upbringing and edu- 
cation to the eugenic strategy of finding some way to select 
only the more intelligent for the propagation of the race. Differ- | 
ential fertility came to be viewed with alarm. Investigative effort r 
concerning child nature and child development was directed 
toward the normative mode of measuring and individual charac- 
teristics and relating the measures to age. Individual characteris- : 
tics were quantified and discussed in the language of dimensions : 
and scales without ascertaining their developmental and neuro- d 
Psychological characteristics. Investigations of the effects of - 7 
various kinds of experience at various ages on the development 
of intellectual capacity were discouraged. Practical educational : 
efforts to cultivate intellectual capacity, particularly in the very 

` 


L7 


Young, were discouraged. With behavioral development con- 
Ceived to be a process in which anatomic maturation automati- 
cally brought with it the response repertoire, experts warned. 
parents not to overstimulate their infants but rather to leave them 
alone to grow. Finally, the assumptions of fixed intelligence and 
predetermined development may well have had something to do 
With what has probably been an over-emphasis on personnel 
Selection and an under-emphasis on problems of both training 
and arranging the social climate of institutions to foster personal - 
interest and growth. 


Fixed Intelligence 

The assumption of fixed intelligence has historical roots in 
Darwin's theory that evolution occurs by way of the survival of 
those inherited chance variations which show their fitness by 
growing up and propagating. It was his cousin, Francis Galton, 
who launched the study of individual differences, developed some 
of the first anthropometric tests, and founded the eugenics 
movement. Although Binet, who with Simon developed the 
method of intelligence testing that survived, conceived of in- 
telligence as a fundamental and complex faculty, he did not re- 
gard it as immutable. But it was Cattell, a student of Galton, who 
introduced the interest in measuring individual differences to 
America. Moreover, it was the students of G. Stanley Hall, the 
evolutionist who saw in the notion that “ontogeny recapitulates ` 
Phylogeny’ an explanation of both individual differences and 
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individual development, who translated Binet's tests into English 
and cultivated their use in America. In both instances, the testing 
movement came to America via people who believed in fixed 
intelligence, and at least partially for this reason the belief has 
tended to dominate the testing movement. 

. Evidence consonant with the notion of fixed intelligence came 


` with the finding, artifactual though it was, that the mean IQ 


obtained from groups of differing ages is constant. Moreover, 
the scores for individual children showed considerable constancy 
for the years of later childhood and adolescence; and scores 
from various tests showed considerable correlation both with 
each other and with measures of such criterion performances as 
those in school and those on various types of jobs. Finally, 
direct evidence of hereditary influence came from the fact that 
the correlations among the test scores of people closely related 
are higher than are those among the test scores of people not 
closely related. 

Evidence dissonant with the assumption of fixed intelligence 
came from the fact that the correlation between the IQ's of 
identical twins reared apart is lower than that for the IQ's of 
identical twins reared together. More of such evidence came from 
the fact that the IQ's of infants, obtained at successive ages, show 
considerable variation, and also from the fact that the IQ's of 
infants Show little correlation with their IQ's as adults. But the 
import of such facts was largely explained away by assuming that 
the infant tests lacked validity, without, however, distinguishing 
between what has here been termed criterion validity and predic- 
tive validity. Still more such evidence came from the fact that 
orphanage-reared children score lower on tests than do children 
reared in foster homes, but this fact was explained away by as- 
suming that the children who got into orphanages are so selected 
as to be innately inferior to the children who got placed in foster 
homes. Finally, the finding of improvement in IQ with nursery- 
School experience was explained away in terms of defects in the 
designs of the investigations in which they appeared, and also in 
terms of validity for the changes in tested intelligence. Some of the 
urgency of the effort to explain away these bits of dissonant 
evidence may well have derived not only from the historical 


Sources but from generalizing the conceptual set of seeing the 
dimensions of objects as immutable to seeing the characteristics. E 


of organisms and persons as also immutable. 
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Predetermined Development 


Historically, the belief in predetermined development replaced 
the belief in preformationism when, in the latter half of the 
cighteenth century, C. F. Wolff marshaled effectively both the 
evidence and the arguments for an epigenesis of body structures 
in the embryological development of the chicken egg. This 
belief got further support from Darwin's theory of natural 
Selection and from the notion that 'ontogeny recapitulates 
phylogeny’. G. Stanley Hall communicated both of these beliefs 
to his students and to the child-study associations emerging in 
America. They tended, therefore, to become accepted as *com- 
mon sense’ beliefs. Indirect conceptual support came historically 
from a complex development in comparative psychology. Darwin 
and Romanes attempted to show that the faculties of mind, such 
às emotion, for instance, and intelligence, were continuous be- 
tween animals and man. The loose analogical reasoning about 
mental faculties in these studies led Lloyd Morgan to extirpate 
them with Ockham's razor of parsimony and to substitute the 
concept of ‘trial and error’; Jacques Loeb's utilization and de- 
velopment « f the concept of forced movements or tropisms as the 
fundamental units of behavior set the stage for the emphasis on 
peripheral factors in the place of central factors in behavior. 
Thorndike's law of effect made response survival, like variation 
or mutation survival, a matter of the fitness of the response, and 
the stage was set for what has been called the ‘empty organism’. 
From this standpoint, development consisted of two essentially 
distinct processes, maturation and learning. The basic response 
units were conceived to come automatically with the maturation’ 
of the anatomical structures upon which they were presumed to 
depend. These response units were then conceived to be hooked 
up into various combinations by means of stimulus-response 
bonds. Such a conceptual schema got a good deal of support 
from the conception of the brain as a kind of static switchboard. 
Although this conceptual schema was probably somewhat dis- 
sonant with the notion of intelligence as a dimension, little was 
made of this because the investigators concerned with this pic- 
ture of behavioral development composed a group which had 
little communication with the group concerned with measuring 
individual differences and especially individual differences in in- 
telligence. Moreover, the general notion that behavioral develop- 
ment is an automatic aspect of anatomic maturation could also 
lend indirect support to the assumption of fixed intelligence. 
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Although the Gestalt psychologists composed yet another group, 
and one opposed to the notion of elementary units of behavior 
being hooked up into various more complex systems, the physical 
Gestalten of the brain were also conceived to come automatically 
with anatomic maturation. Thus, their emphasis on ‘insight 
in problem solving as restructuring of these physical Gestalten 
offered no corrective for the notion of predetermined develop- 
ment. S 
Evidence apparently consonant with the notion of predeter- 
mined development came from several sources. Coghill found : 
the head-to-tail and center-outward orders of anatomical matura- 
tion to hold for the development of the swimming reaction in the 
tadpoles of salamanders (Amblystoma). Carmichael found that 
the tadpoles of frogs and salamanders that had developed without 
any opportunity for behavior while anesthetized with chloretone 
Swam as well as others that had developed normally in unadult- - 
erated water, and he took this to be a demonstration of the exist- 
ence of ‘unlearned behavior’, When Mary Shirley found not only | 
the head-tailward order of behavioral development in human. 
Children but also a marked degree of consistency in the order 
. in which various responses appear in children, her findings were | 
conceived to indicate that principles induced from observing - 
the behavioral development of the lowly salamander generalize to 
man, and she herself argued that the consistency in order favored 
the notion of predetermined maturation. The early experiments 
in which various kinds of experience were either subtracted or - 
added seemed to have little permanent effect on behavior, Chicks S 
reared in darkness for a few days actually learned to peck accur- 
ately with a greater rate of improvement than did chicks that had | 
every opportunity to practice pecking. Children who were given’ 
special practice in such skills as tower-building, stair-climbing, - 
cutting with scissors, etc., showed improvement, but children A 
who were not given such special practice appeared to achieve 
the same degree of mastery of these skills with much less practice | 
at a later age. Dennis found that the Hopi Indian children who ] 
Were reared on cradle-boards, which prevented their using their 
legs, learned to walk at the same average age as Hopi children ^ 
Who were reared with full use of their legs. let 
i i early dissonant with the conception that 
ly predetermined also appeared. Altering | 


developmental experience was found to interfere with the de- 
velopment of instincti i 


| 
| 
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them licking their own genitalia ate their young at parturition 
instead of retrieving them and licking them. Moreover, Riess 
found that rats reared in cages devoid of nesting materials failed 
to build nests at parturition even though proper materials were 
available. Apropos the Gestalt principles of perception and think- 
ing, it was observed that when people deprived of visual ex- 
Periences from birth by congenital cataracts were operated on to 
restore their vision, they might immediately distinguish between 
figure and ground and be able to say whether two impressions 
Were the same or different, but they could not recognize objects 
without months of visual experience. Moreover, various in- 
vestigators found that insightful responses tended to appear only 
in those monkeys and chimpanzees who had been observed to 
play with the tools to be used insightfully. 


A New Emphasis on Central Processes 

Very shortly after Morgan had extirpated the mental faculties 
With Ockham's razor of parsimony and Loeb, Thorndike, and 
Watson had attempted to explain all complex behavior in terms 
of stimulus-response chaining, Lashley destroyed the explanatory 
value of such chaining for complex behavior by pointing out that 
time would not permit such a sequence of central-peripheral 
Synoptic connections in the case, for example, of a pianist playing 
à rapid cadenza on the piano. Then stimulus-response method, 
as distinguished from stimulus-response theory, began producing 
evidence that motivated re-furnishing the empty organism with 
conceptualized processes intervening between stimulus and re- 
sponse. There resulted the symbolic processes of Hunter, the 
intervening variables of Tolman, the ‘pure stimulus acts? of 
Hull, the response-produced drives and cues of Dollard and 
Miller, and the mediational responses of Osgood. In the case of. 
these, however, an attempt was made to tie the intervening vari- 
able to both its roots in past experience and to its manifestations 
in overt behavior. 

Recently, however, emphasis on central processes has been 
greatly increased by developments in several areas with important 
implications for the theory of intelligence. In neuropsychology, 
Hebb, prompted by noting that behavior is to a considerable 
degree independent of receptor inputs and failing to find in- 
tellectual deficits on standard tests of intelligence following 
removal of upwards of 20 per cent of the mass of the cerebrum 
in adults while noting that cerebral lesions in infancy produce 
feeblemindedness, led off with his attempts to conceptualize 
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the semi-autonomous central processes that intervene between 
t receptor inputs and motor outputs. His notions of cell-assemblies 
and phase-sequences, established within the associative regions 

of the cerebral cortex by primary learning, which he conceived 
. to be largely perceptual in nature, set a new trend. His concept of 1 
j the A/S ratio, i.e. ratio of association areas to areas concerned 
k 


directly with either receptor inputs or motor outputs, appears to 
have considerable explanatory power. 


M - 


Y 
. Intelligence as Central Processes and as Strategies for the 
— Processing of Information 


Hebb's conceptions led to a substantial revision in the conception — 
of intelligence. His notion of the important role of autonomous - 
central processes in behavior suggested that intelligence would - 
probably be a function of the variegation and mobility of the cell- 
assemblies established through primary learning within those — 
regions of the brain not immediately concerned with receptor 3 
. inputs or motor outputs. This conception suggested further that _ 
adult intelligence should vary with opportunities for perceptual — 
and perhaps even motor experience in which a variety of inputs 
With appropriate degrees of redundancy are available. It also - 
stimulated a number of studies of the effects of infantile experience - 
on later learning and problem-solving. These studies have shown - 
that rats reared with ample opportunities for a variety of per- 
ceptual experience do learn mazes more readily than rats reared 
with minimal opportunities for a variety of such experience. Pet- - 
reared rats with a background of highly varied experience have - 
been found to perform with more facility on the Hebb-Williams - 
test of intelligence than do cage-reared rats with a background of - 
little variation in experience. Similarly, Thompson and Heron have ~ [i 
shown that in a wide variety of situations pet-reared dogs behave 
in a fashion much more intelligent than their litter-mates who 
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tomic development ofthe visual apparatus appears to behampered 
by lack of visual stimulation. 

Combined with Hebb's theorizing and the work stimulated by 
itin this new emphasis on central processes and their dependence 
upon-experience are other developments. The people who pro- 
gram electronic computers for the solving of problems have 
begun to systematize the conception of the requirements of 
problem-solving in terms of strategies for the processing of in- 
formation. These strategies resemble the logical operations of the 
logical calculus as described by Boole. The strategies are arranged 
hierarchically for access and application. From studies of animal 
problem-solving, Harlow has shown that by repeatedly learning 
the solution to any given type of problem, monkeys develop 
learning sets which give them the capacity to solve that type of 
problem almost immediately with the information derived from 
perception of the situation. These ‘learning sets’ look fairly 
analogous to the strategies for the processing of information 
that programmers wire into their electronic computers. The 
thought that the computer and the brain have similarities of 
operation has prompted a re-examination of the theory of brain 
function. Although von Neumann has warned that the mathe- 
matics of the brain in operation fail to correspond to mathematics 
as now conceived, such neuro-psychologists as Pribram have 
pointed to approximate counterparts of the hierarchies of 
strategies for processing information and executing action within 
the brain. Pribram conceives these to be stored in those regions of 
the brain that receive no receptor inputs and have no direct access 
to musculature. These include the anterior and posterior nuclei 
of the thalamus with their tract-connections, respectively, with 
the frontal lobe and with the parietal and temporal lobes. These 
are termed intrinsic mechanisms and are conceived to have a 
function similar to Hebb's association areas. Hierarchical sys- 
tems of memories for the redundant aspects of past perceptions 
are conceived to be stored in the posterior intrinsic mechanism, 
while the anterior mechanism is conceived to contain the hierar- 
chical arrangement of intentions which are based on an organiza- 
tion of the homeostatic mechanisms localized in the reticular core 
around the midline ventricles. Damage to the tracts under the 
cortex of the parietal and temporal lobes may not interfere with - 
such reflexive acts as catching a fly on the wing, but it does 
interfere with perceptual recognition. Damage to the tracts under 
the frontal lobe may not interfere with perceptual recognition 
but it does interfere with the execution of sequential systems of 
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action. The unit of response is conceived to be one of *test- 
operate-test-exist (TOTE)’. Intelligence, from the standpoint 
of such a conceptual scheme, would appear to be a matter of the 
number of strategies for processing information that have been 
differentiated and have achieved the mobility which permits them 
to be available in a variety of situations. 


Piaget's Observations of the Development of Intelligence 


The conception of intelligence deriving from Piaget's observa- 
tions of the development of adaptive ability in children resembles 
so much that which derives from considering the computer and 
the brain and from the work of Hebb and Harlow that his ob- 
servations may be considered to lend further empirical support 
to this new conception of intelligence. A basis for the hierarchical 
arrangement of the central processes that mediate intelligence 
appears in Piaget’s descriptions of behavioral development where- 
in the sensorimotor organizations of each stage became incor- 
porated, in the course of the child's assimilations of both food 
and the modifications in his sensorimotor Schemata deriving from 
his psychological interactions with the environment, into the 
more complex sensorimotor organizations of the next stage. 
Things heard become things to look at; things seen become 
things to grasp; things grasped become things to suck, etc. In the 
course of such co-ordinations, inputs from the distance receptors, 
and especially the eyes, acquire control over motor activities. 
Intentions emerge, means are distinguished from ends, interest 
in activities and in objects develops, and behavior becomes more 
and more variable and adaptive. All this happens presumably 
as central processes become both co-ordinated and re-different- 
lated. The sensorimotor period ends when the child is about 18 
months old and the sensorimotor schemata and imitations begin 
to become internalized as images. During this same sensori- 
motor period of 18 months, objects acquire permanence, while 
causality, space, and time become objective. 

During the preconceptual phase from about 18 months to 
four years of a second major period (from 18 months to 12 years) 
images accumulate to form intuitions. Intuitions are grouped at 
about seven years to form the first of the mobile equilibrii. 
These are the concrete operations with the logical properties of 
reversibility, associativity, transitivity, identity, and tautology- 
They arrive as the child begins to think generally with concrete 
objects and as he acquires the capacity to conserve quantity and 
number and the capacity to order objects serially by such proper- 
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ties as length. These concrete operations are further elaborated at 
about age nine or ten when the child acquires the capacity to con- 
serve weight and to order objects serially by the property of 
weight. Atage 11 or 12, he acquires the still higher level of capacity 
to conserve volume and to order objects serially by the property 
of volume. Inhelder and Piaget have also reported that conserva- 
tion of volume always includes the capacities to conserve weight 
and quantity, and that the conservation of weight always includes 
the capacity to conserve quantity and number. Such findings 
suggest that Piaget's landmarks of transition in the development 
of intelligence and thought represent a natural ordinal scale of 
intelligence. During these successive elaborations of the concrete 
operations, parallel transformations are occurring in the child's 
conceptions of causality, space, and time. 

Finally, during a third major period beginning at about age 11 
or 12 the concrete operations are re- -grouped into formal opera- 
tions as the young pre-adolescent acquires the proportionality 
schema that permits him to conserve volume. At this landmark 
of transition, he also acquires the capacity to deal with proposi- 
tions as he has hitherto been able to deal only with concrete 
objects. It is thus that he achieves the level of formal reasoning. 
At this transition, instead of observation directing thought as it 
has in the period of concrete operations, the adolescent’s thought 
directs his observing. He thereby acquires the essential intellectual 
capacity for the scientific method. Moreover, inasmuch as the 
observed conditions of society can now be seen in comparison 
with imagined ideal conditions of society, the adolescent also 
acquires the capacity required for social reform. These formal 
operations of the adolescent Piaget describes in terms of their 
logico-mathematical properties which include the proportionality 
schema, the INRC group structure, and the 16 binary operations 
of the Boolean logical calculus. In fact, Inhelder and Piaget find 
that it is these logico-mathematical schemata operating implicitly 
in the thought of adolescents that direct their observing in science- 
like problem-solving. 


Piaget’s Theory: Implications and Validity 

Five main themes dominate Piaget’s theoretical formulations. The 
first concerns the continual and progressive change, or epigenesis, 
in the structures of behavior and thought in the developing 
child. This theme serves as a corrective for the preformation- 
ism that still lurks in both epistemology and psychology. The 
second theme concerns the fixed nature of the order in which 
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the successive structures make their appearance. If this order is 
corroborated by other investigators, in view of the hierarchical 
organization indicated, it may indeed supply the basis for a 
natural ordinal scale of intelligence. Furthermore, the existence 
of such a natural ordinal scale would suggest the investigative 
method of measuring the effects of various kinds of experience on 


the rate of development in terms of the time elapsing between 
the successive landmarks of transition. 


Piaget’s third theme concerns the invariant functions of ac- : - 


commodation (adaptive change to outer circumstances) and of 
assimilation (incorporation of the external into the inner organiza- 
tion with transfer or generalization to new circumstances) that 
Operate in the child’s continuous interaction with the environ- 


. - ment. The nature of accommodation suggests that the rate of 


development is to a considerable degree a function of the child's 
encounters with the environment. Piaget formulates a principle 


- to account for such a relationship between intelligence and ex- 


perience in essentially motivational terms: the more an infant has 
seen and heard, the more he later wants to see and hear. This 
principle gets empirical Support from the studies of the depend- 
ence of intelligence upon early experience in animals, which 
studies were generated by Hebb's theorizing. The principle also 
gets support from the retarding effects of the relatively unchang- 
ing stimulation in various orphanages. As recently reported by 


Dennis, in some instances this retardation, even of such functions 


as sitting alone and walking alone, can be great. While such 
evidence clearly supports the principle that the rate of develop- 


ment depends upon the nature of the child’s encounters with the 


environment, it does not say how irreversible such retardation 


may be, and neither does it indicate the degree to which the 
adult level of intelligence is ultimately reduced. On the other 
hand, the fact that Thompson and Heron have found that dogs 
pet-reared for the first eight months of their lives do show à 
substantially higher level of intelligence at 18 months of age 
than do dogs cage-reared for their first eight months suggests 
considerable permanence for these effects of early experience. 
Within the domain of Piaget’s third theme, the nature of 
accommodation implies great importance for the match between 
the kind of external circumstances encountered and the kind of 
internal organization already present in determining the nature 


and degree of effect of any given encounter. This match is still - 


poorly understood. 


> but it is the appropriateness of the match — 
between the circum: 


stances that the child encounters as he develops 
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and the nature of his own intellectual organizations at the time 
of the encounters that appears to determine in very large part his 
rate of intellectual development. Put another way, the richness of 
an environment for intellectual growth is a function of the ap- 
propriateness of this match between inner organizations and 
external circumstances in a child's succession of encounters 
With his environment. While it is highly unlikely that even the 
‘best’ of contemporary child-rearing and education comes near 
maximizing the potential of children, any attempt to facilitate 
intellectual development with improvements in child-rearing 
and education demands a markedly increased understanding of 
this matter of the match. Piaget's description of the stages in the 
development of intelligence in children, which receives empirical 
Support from the study of behavioral development in animals by 
such investigators as Fuller and Scott, helps to take some of the 
guess-work out of such matching. 

Within this third theme of Piaget's, one also finds a number of 
parallels with the theorizing of Hebb which are relevant to this 
problem of the match. Both Piaget and Hebb see behavior and 
intelligence determined by central processes. Both see these 
Central processes changing with experience. Both see early ex- 
perience as of probably crucial importance in determining both 
the rate and the final level of ability. Some of the parallels con- 
cern motivation, but Piaget makes little of his observations and 
pronouncements about motivation while Hebb has motivation 
near the center of his concern. Both see a basis for pleasure in 
discrepancies between the existing central processes that mediate 
anticipations and the receptor inputs from environmental cir- 
cumstances. Pleasure occurs if this discrepancy is of a proper 
degree. Both also see a basis for fear and distress in such dis- 
crepancies when they are too great to be accommodated. While 
this line of theorizing is still vague in its implications for ex- 
perimental operations, it has the happy implication that with 
proper control of the match between the internal structure of a 
child's central processes and the circumstances that he encounters, 
maximizing his rate of intellectual growth should also be a 
source of exciting interest and pleasure. 

Piaget's fourth theme concerns the relation of thought pro- 
cesses to action. Thought processes are conceived to originate 
through a process of internalizing actions, which is essentially 
like the short-circuiting principle offered by Hebb, Osgood, and 
many others. Piaget also conceives that intelligence increases as 
thought processes are loosened from their bases in perception 
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and action and thereby become reversible, transitive, associative, 
etc. This conception, in turn, implies that intelligence develops 
as central neural processes become increasingly autonomous. The 
fact that Max has found a negative correlation between tested 
intelligence and amount of education, on the one hand, and, on 
the other, the frequency of muscular action potentials in deaf- 
mutes asked to solve problems mentally, tends to lend empirical 
support to such a conception of the relation between intelligence 
and the autonomy of central neural processes and action. In this 
theme, Piaget's theory makes a considerably greater place for 
action than does Hebb's, but since looking and listening are con- 
ceived by Piaget to be reflexive schemata with both sensory and 
motor aspects, whereas Hebb conceives of them largely as recep- 
tors, the difference may be more apparent and verbal than 
operational. h 

Piaget's fifth theme concerns the logical properties of thought 
processes. He sees these properties to be products of a mobile 
equilibrium in which all the virtual transformations compatible 
with the relationships of the system compensate each other. 
The reversibility of thought operations account for the Gestalt- 
like quality of thought. The laws of the mobile equilibrium 
account for the intersubjectivity of reasoning. 

Factor-analytic studies of intelligence pose some problems for 
the conception of intelligence that derives from this fifth theme 
of Piaget's theory. The grouping of images and intuitions into 
concrete operations at about seven or eight and the regrouping 
of concrete operations into formal operations at about 11 or 12, 
with each having such apparently far-reaching consequences in 
intellectual functioning, imply a homogeneity of intelligence that 
appears to be dissonant with the heterogeneity of intelligence 
found in the factor-analytic studies of intelligence. The notion 
that the successive landmarks of transition in the development 
of intelligent behavior and thought may constitute a natural 
ordinal scale of intelligence also implies a homogeneity of intelli- 
gence that is dissonant with the heterogeneity found in the factor 
studies. This dissonance is diminished, however, by considering 
that heterogeneity of abilities is relatively slight in childhood, 
which constitutes the period when most of Piaget's observa- 
tions have been made. This dissonance is further diminished 
by considering that a hierarchical factor structure, with Spear- 
man's g at the apex as the English factor analysts have tended to 
conceive of intelligence, is precisely what would be expected from. 
considering abilities as the accumulative effects of the transfer of 
350 


J. MCV. HUNT 


training or learning in varied situations. It has been the merit of 
G. A. Ferguson to make these points in a pair of highly provoca- 
tive theoretical papers. The dissonance between the implications 
of Piaget's conceptions and the results of factor-analysis studies 
is essentially eradicated by considering that Piaget's conception 
of accommodation corresponds to the change in function that 
occurs with training or learning and that Piaget's conception of 
assimilation corresponds to the notion of transfer of training. 

A factor analyst might also raise the question as to why, if the 
concrete operations and the formal operations are intellectual 
structures of such importance, the factor-analytic investigations 
of intelligence have not uncovered them. Several reasons can be 
found. Perhaps most important is the fact that most factor 
studies have been cross-sectional in nature. They have used sub- 
jects varying little in age. In consequence, all of the subjects used 
ineach such investigation share these basic intellectual operations, 
and they can therefore appear in the factor studies only as the 
basis for the fact that abilities are regularly positively correlated 
in any sample of individuals. In fact, these intellectual structures 
of Piaget might be seen as an explanation of Spearman's g. 
Moreover, support for such a view comes from Hofstaetter's 
factorization of the repeated longitudinal testings of children 
in the Berkeley Growth Study, for the finding of a large factor of 
*intellection' on which the loadings on age increase especially 
rapidly between the ages of four and eight is almost exactly what 
one would be led to expect. 

Although Piaget's work has led him to a concern with both the 
strategies for information processing utilized in programming 
computers and with the neural basis of operational thought, the 
fact that a major share of his observations antedate these later 


developments and are yet consonant with them is very interesting. 


Some Reinterpretations 

Tn the light of this newer conception of intelligence, which puts its 
neural basis in autonomous central neural processes located 
largely in the intrinsic regions of the brain and which explicitly 
gives its roots in the child's encounters with his environment, the 
old evidence once considered disturbing is what would beexpected. 
Moreover, the old evidence once conceived to support the assump- 
tions of fixed intelligence and predetermined development can 
readily be reinterpreted to be consonant with the newer con- 
ception. 

The semantics of dimension and scale for tests of intelligence 
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actually fit the procedures of testing less well than would a 
semantics of sampling behavior for evidence of the presence of 
such organizational structures as schemata, operations, and con- 
ceptions. The validity of tests can be divided into at least two 
kinds, predictive validity, or the capacity of a score from a testing 
at one time to predict the score from a testing at a later time in the 
individual's life, and criterion validity, or the capacity perform- 
ance on tests to predict performances at the same stage of develop- 
ment in various types of life situation. The fact that the scores 
from repeated testing in infancy, when the rate of change in the 


intellectual structures is greatest, fluctuate radically and the fact. | 


that such scores show poor predictive validity are precisely what 
would be expected if intellectual capacity depends to a consider- 
able degree upon the child's encounters with his environment, but 
such fluctuations are highly embarrassing to the assumptions of. 
fixed intelligence and predetermined development. Lack of 
predictive validity, so long as the child's encounters with his en- _ 
vironment are not controlled, would be expected, but lack of 
predictive validity need not imply that the infant tests lack 
criterion validity. 

In view of the low A/S ratio in the brains of frogs and sala- 
manders, and since the effects of experience appear to increase 
with the size of the A/S ratio, Coghill’s finding that behavioral 
development follows the head-tailward and proximo-distal 
orders found for anatomical development need not imply that 
the behavioral development of organisms with higher A/S ratios 
is largely a function of anatomical maturation. In fact, the work of 


Kuo indicates that the embryo chick's interaction with its en- 


vironment in the egg has much to do with its behavioral develop- 
ment and later abilities. Similarly, the fact that Carmichael 


found swimming movements coming without opportunity for . 


practice in the chloretoned frog and salamander tadpoles, with 
their low A/S ratios, need not imply that encounters with the 
environment are unimportant for behavioral development 10 
higher organisms. The apparent evanescence of the effects of 
either subtracting or adding experience in the development of n. 
various organisms was apparently to some degree a function of. 
the short duration of the subtraction or the addition. When frogs 
Were kept in chloretoned water longer than Carmichael kept 
them there, they failed to learn to swim properly. When chicks 
were kept in the dark longer than Cruze kept them there, they 
lost the pecking response. Although the advantage got from a few | 
weeks of special early practice in tower-building, stair-climbing 
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buttoning, and scissoring quickly disappeared when the controls, 
who started later, got to practicing these same skills, when Myrtle 
McGraw gave her trained twin, Johnny, nearly a year’s experience 
at roller-skating, the untrained twin, Jimmy, was not able to 
catch up quickly. In fact, where Johnny had had little trouble 
learning to roller-skate at 11 months of age, Jimmy could not 
learn the skill at all at 22 months of age. 

In view of the Hebbian distinction between primary learning 
and later learning, moreover, it is hardly surprising that the 
special practice on such activities as tower-building, stair- 
climbing, buttoning, scissoring, etc., produced but evanescent 
superiority in these skills because, presumably, the incidental 
activities of the control children in these experiments might have 
been expected to have produced as much development in the 
central processes mediating these activities as would the direct 
practice on them, and perhaps even more. 

Although the fact that change in the intellectual structures is 
most rapid during the early months and years suggests that the 
effects of environmental encounters during the early period 
_ should perhaps be most potent, it remains to be determined in 
crucial fashion how great and how permanent such effects can be. 

Probably the question concerning the relative proportion of the 
variance in intelligence attributable to heredity and to environ- 
ment, which is the one most frequently asked, has been unfortu- 
nate. No general answer to this question is possible. This 
impossibility has long been recognized by geneticists, for only 
the phenotype can be measured, and how much any genotype can 
be altered by experience can be ascertained only by submitting 
that genotype to all possible life programs of encounters with the 
environment. Much more pertinent are specific questions rele- 
vant to either problems of educational and welfare practice 
or to the theory of human intelligence and its development. In- 
asmuch as Dennis has very recently found that in orphanage 
environments where the variety of stimulation is minimal, only 
42 per cent of the children sit alone at two years of age, and only 
15 per cent walk alone at four years of age, it appears to be quite 
clear that the rate of development is not predetermined by the 
genes. On the other hand, although it is unlikely that any person 
has ever achieved his full potential for intellectual development, 
it is not known how much various procedures for improving the 
match between circumstances and level of behavioral development 
to foster the accommodative modification of central structures 
' might increase the rate and the final level of intellectual capacity 
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over the rate and level common under existing circumstances. 
No general answer can be made to questions of this sort, but à 
variety of such investigations might be expected to lead to general- 
izations about the nature of environments rich or poor in their 
capacity to promote intellectual development. 

Many investigators have been concerned about the supposed 
loss of intelligence associated with differential fertility. They 
point to the negative correlation between number of siblings and 
tested intelligence as perhaps the most direct evidence for this 
loss. Inasmuch as about the same degree of inferiority appears for 
twins and for doubles born close together as appears for those in 
large families, and inasmuch as this negative correlation dis- 
appears among the well-to-do who can afford to have help mc 
the care of their infants during the early months, it is quite aS — 
logical to see this negative correlation as evidence of intelligence - 
failing to develop from lack of the stimulation that comes from - 
young infants having ample adult contact as it is to see it as 
evidence that those genetically inferior are supplying more than F 
their share of the next generation. 


-. Conclusion and the Challenge 


Tn view of the conceptual developments and the evidence coming 
from animals learning to learn, from neuropsychology, from the 

programming of electronic computers to solve problems, and 
from the development of intelligence in children, it would appear 
that intelligence should be conceived as intellectual capacities 


based on central processes hierarchically arranged within the ~ 


intrinsic portions of the cerebrum. These central processes are | 
approximately analogous to the strategies for information pro- 
cessing and action with which electronic computers are pro- 
grammed. With such a conception of intelligence, the assumptions 
that intelligence is fixed and that its development is predetermined 
by the genes are no longer tenable. 

In the light of these considerations, it appears that the counsel 
from experts on child-rearing during the third and much of the 
fourth decades of the twentieth century to let children be while 
they grow and to avoid excessive stimulation was highly un- 
fortunate. It was suggested in the text above that perhaps the 
negative correlations found between intelligence test scores for. 
the first two years and the late adolescent level of intelligence may 
possibly be attributable to such counsel, inasmuch as it would be 
those educated people at the higher levels of tested intelligence 
who read and can act in terms of what they read who would hav 
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been most likely to follow this advice. The problem for the 
management of child development is to find out how to govern 
the encounters that children have with their environments to 
foster both an optimally rapid rate of intellectual development 
and a satisfying life. 

Further in the light of these theoretical considerations and the 
evidence concerning the effects of early experience on adult 
problem-solving in animals, it is no longer unreasonable to con- 
sider that it might be feasible to discover ways to govern the en- 
counters that children have with their environments, especially 
during the early years of their development, to achieve a sub- 
stantially higher adult level of intellectual capacity. Moreover, 
inasmuch as the optimum rate of intellectual development would 
mean also self-directing interest and curiosity and genuine pleas- 
ure in intellectual activity, promoting intellectual development 
properly need imply nothing like the grim urgency which has 
been associated with ‘pushing’ children. Furthermore, these pro- 
cedures, insofar as they tended to maximize each child's potential 

` for intellectual development, would not decrease individual 


differences in intellectual capacity as assessed by tests but would . 


increase them. The discovery of the ways to govern the en- 
counters children have with their environments for this purpose 
would require a great deal of expensive and difficult investigation 
of the effects of various kinds of early experience on later in- 
tellectual capacity. Even after the discovery of the ways, if they 
can be found, the task of effecting the necessary changes within 
the culture in child-rearing practices and in educational proce- 
dures would be Herculean. Nevertheless, ours is a technological 
culture of increasing complexity. Its development continually 
demands an ever larger proportion of the population with in- 
tellectual capacity at the higher levels. It calls also for intellectual 
giants to solve the problems that become increasingly complex. 
'The fact that it is reasonable to hope to find ways of raising the 
level of intellectual capacity in a majority of the population makes 
it a challenge to do the necessary research. It is one of the major 
challenges of our times. It is a challenge, moreover, where the 
chances are fairly good that the behavioral sciences can make a 
contribution of great social, as well as theoretical, significance. 
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